Biogeography 


Genesis of Soils 


Introduction 


The top layer of Earth's crust, known as soil, is created through 
the ongoing process of mountain weathering over thousands of 
years. Soil is composed of four primary elements: minerals, 
organic materials, air, and water. Its texture is determined by 
the presence and proportions of three main components: sand, 
silt, and clay. The mineral texture of the soil can vary depending 
on the combination of these three components. 

The decomposition of leaves and other organic matter forms an 
upper organic layer in the soil, which is called humus. The 
presence of humus in soil is crucial for its fertility, as it provides 
essential nutrients for plant growth and enhances the soil's 


overall health. 


Soil Genesis 


Soil is a crucial component of the natural environment, serving 
as a connection between climate and vegetation, and 
significantly influencing human activities due to its varying 
fertility levels. The scientific study of soil is known as pedology, 
while the process of soil formation is called pedogenesis or soil 
genesis. 

e Soil refers to the top weathered layer of the Earth's crust, 


which is influenced by plants and animals. A vertical 
section of this zone is called a soil profile, consisting of 
several distinguishable layers or horizons that help 
identify different types of soil. 

e Essentially, soil is a thin layer of mineral matter on the 
Earth's surface containing a substantial amount of 
organic material, capable of supporting plant life. It spans 
from the surface down to the deepest point where living 
organisms, such as plant roots, can penetrate. Soil is 
characterized by its ability to produce and store plant 
nutrients, which results from the interaction of various 
factors such as water, air, sunlight, rocks, plants, and 
animals. 

e Although soil is thinly spread across the Earth's surface, 
it plays a critical role as the meeting point for the 
atmosphere, lithosphere, hydrosphere, and biosphere. 
The majority of soil consists of inorganic material, 
classifying it as part of the lithosphere. However, soil is 


also closely connected to the other three Earth spheres. 
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Soil development (Genesis of Soil-Structure) begins with 
the physical and chemical disintegration of rock exposed to 
the atmosphere and to the action of water percolating down 
from the surface. This disintegration is called weathering. 
The basic result of weathering is the weakening and 
breakdown of solid rock, the fragmentation of coherent rock 


masses, and the making of little rocks from big ones. 


Which of the following factors does NOT play a 
significant role in the formation of soil? A. Climate B. 


Parent Material C. Time D. Color of surrounding vegetation 
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e The primary outcome of weathering processes is a layer 
of loosely packed inorganic material known as regolith, 
which is also referred to as "blanket rock" because it 


covers the unbroken rock beneath it. The regolith 


typically comprises materials that have weathered from 
the underlying rock, with the largest and least fragmented 
pieces located at the bottom, right above the bedrock. 

e However, regolith can also be made up of materials 
transported from other locations by wind, water, or ice, 
which can cause its composition to differ significantly 
from one place to another. 

e The top half-meter of the regolith is distinct from the 
lower layers due to the increased intensity of biological 
and chemical processes occurring within it. This upper 
layer is known as soil, which is primarily composed of 
finely fragmented mineral particles and is the ultimate 
product of weathering. Soil usually contains a mix of 
living plant roots, decaying plant matter, microscopic 
plants and animals (both living and dead), as well as 
varying amounts of air and water. Soil is not a final 
product but rather a stage in an ongoing cycle of 


physical, chemical, and biological processes. 


ORGANIC ENRICHMENT p> 
Humus generated by the 
decay of organic matter in the 
O horizon is carried downward 


by percolating water to enrich 
the A horizon. 


Removal Process 


e In the process of soil removal, materials are taken away 
from the soil mass. This can happen when erosion 
transports soil particles into water bodies like streams 
and rivers. Another significant removal process is 
leaching, where soil compounds and minerals are 
dissolved in water and flow to lower levels. 

e Cheluviation is a process that is quite similar to leaching, 
involving the downward movement of materials within the 
soil. However, cheluviation takes place due to the action 
of organic substances, known as chelating agents, rather 
than just water. This process involves the use of plant 
acids to facilitate the movement of materials, 
distinguishing it from leaching, which relies solely on 


water. 
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Soil-forming Processes 

There are four classes of soil-forming processes: soil 
enrichment, removal, translocation, and transformation. 
Soil Enrichment 

Soil enrichment involves the addition of organic or inorganic 
matter to the soil in order to improve its quality. One example of 
this is when minerals from silt are deposited on the soil's 
surface by river floods or carried by wind in the form of dust. 
Organic enrichment can also occur when water transports 
humus, a nutrient-rich organic material, from the upper layer of 
soil (O horizon) into the layer beneath it (A horizon). This 
process helps to enhance the overall health and fertility of the 


soil. 


q LEACHING 
In this removal process, water drain- 
ing through the soil dissolves soil 
materials from upper horizons, 
moving them to deeper horizons or 
into groundwater, Decalcification is 
the leaching of calcium carbonate 
out of the soil. 


Translocation Process 


° Translocation describes the movement of materials 


upward or downward within the soil. 


Downward Translocation: 


° The process of downward translocation involves the 
movement of fine particles like clays and colloids from 
the upper layers of the soil to the lower layers. Eluviation 
is the term used for this movement, which results in the 
formation of the E horizon, consisting of sand and coarse 
silt. The material brought down from the E horizon, such 
as clay particles, humus, or iron and aluminum 
sesquioxides, accumulates in the B horizon through a 


process called illuviation. 


e The top layer of the soil consists of a thin deposit of 
wind-blown silt and dune sand, which adds to the soil 
profile. As organic matter in the O horizon decays, humus 
moves downward, enriching the A horizon and giving it a 
brownish color. The E horizon appears whitened due to 
the removal of colloids and sesquioxides through 
eluviation, while the B horizon displays orange-red colors 
due to the addition of iron sesquioxide through illuviation. 

e Calcium carbonate translocation is another significant 
process in soil formation. In wet climates, excess soil 
water moves down to the groundwater zone, leaching 
calcium carbonate from the soil in a process called 
decalcification. Soils that have lost most of their calcium 
are usually acidic and low in bases. The addition of lime 
or pulverized limestone can correct the acidity and 
replenish the missing calcium, an essential nutrient for 


plants. 


TRANSLOCATION > 

In translocation, soil materials move 
between horizons. Clays, colloids, and 
sesquioxides are translocated from the 
E horizon in the process of eluviation, 
and accumulate in the B horizon in the 
process of illuviation. 


Transformation Process 

One of the key stages in soil formation is the transformation 
process, which involves changes occurring within the soil 
material itself. For example, primary minerals can be converted 
into secondary minerals, and organic matter can be 
decomposed by microorganisms to produce humus through a 
process known as humification. In warm and moist climates, 
this transformation of organic matter into carbon dioxide and 
water can be so efficient that it leaves virtually no organic 
matter remaining in the soil. 

Factors Affecting Soil Formation 

Soil is a dynamic and constantly changing substance. It can be 
compared to a sponge, as it absorbs various inputs and is 
influenced by the surrounding environment, causing it to 
change over time. When these inputs or environmental 
conditions change, the soil also undergoes transformations. 


Factors that are responsible for soil development are 


° Climate 

° Organisms 

° Relief 

e Parent Material 


e Time 


Upward translocation 


e In desert environments, upward translocation can also 
take place. This occurs when groundwater is situated 
close to the surface in low-lying areas, leading to a flat 
and poorly drained region. The evaporation of water near 
the soil surface causes groundwater to rise and replace it 
through capillary action, similar to how a cotton wick 
draws oil in an oil lamp. This groundwater often contains 
high levels of dissolved salts. 

e As the water containing these salts evaporates, the salts 
are left behind and accumulate in the soil. This process is 
known as salinization. The presence of large quantities of 
salts can be harmful to various plant species. When 
salinization affects irrigated lands in desert areas, the soil 
can become severely damaged, with little possibility of 


recovery. 


<Q TRANSFORMATION 

In transformation, soil materi- 

als are altered within horizons. 
Decomposition of raw organic matter 
to produce humus (shown in inset) 
and conversion of primary minerals to 
secondary minerals are examples. 


e Human Activity 


1. Climate 


e Climate, specifically precipitation and temperature, 
plays a significant role in determining soil properties. 
Precipitation influences the movement of nutrients 
and other chemical compounds in the soil through a 
process called translocation. High levels of 
precipitation can cause water to wash nutrients 
deeper into the soil, making them less accessible to 
plant roots. On the other hand, low precipitation can 
lead to a buildup of salts in the soil, which can 
negatively affect fertility. 

e Temperature also has an impact on the chemical 
development of soils and the formation of different 
layers, known as horizons. When temperatures are 
below 10°C, biological activities slow down, and at or 
below freezing point (0°C; 32°F), they cease 
altogether, rendering chemical processes affecting 
minerals inactive. As a result, decomposition occurs 


slowly in cold climates, leading to the accumulation 


of organic matter and the formation of a thick O 
horizon. This organic matter turns into humus, which 
enriches the A horizon. 

e In warm, moist climates found at lower latitudes, 
bacteria rapidly decompose plant material, resulting 
in a lack of O horizons and minimal organic matter 
throughout the soil profile. 

° Precipitation plays a crucial role in determining soil 
properties. In areas with heavy rainfall, nutrients and 
organic matter can be leached from the upper layers 
of soil unless plant roots or other soil components 
intervene. For example, soils beneath tropical 
rainforests tend to be nutrient-poor due to the intense 
leaching caused by heavy rains, with most nutrients 
stored in the abundant vegetation. In contrast, arid 
regions with low annual precipitation experience high 
evaporation rates, leading to the accumulation of 
salts in the soil. 

° Temperature also affects soil properties by 
controlling the form of water present on the soil 
surface and within the soil itself. Additionally, it 
influences the rate of chemical reactions, 
evapotranspiration, and biological processes. Large 
temperature fluctuations, especially when water is 
present, can cause soil to shrink and swell, undergo 
frost action, and experience general weathering. For 
instance, laterite soils form in climates with 
alternating wet and dry periods, while sandy soils 
develop in Rajasthan, India, regardless of parent 
rock type, due to high temperatures and wind 


erosion. 


2. Organisms 


Soil is significantly impacted by living plants and animals, 
as well as their nonliving organic products. The growth of 
plant roots, for example, contributes to the mixing and 
disturbance of soil while also supplying organic matter to 
the upper layers of the soil. 

There is a wide variety of organisms that inhabit the soil, 
ranging from bacteria to burrowing mammals. 
Earthworms are particularly important for soil health as 
they not only create burrows, but also process soil 
through their digestive systems. Larger burrowing 
animals, such as moles, gophers, rabbits, badgers, and 
prairie dogs, create more extensive, tube-like openings in 


the soil. 
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The activities of earthworms, such as cultivation and 
mixing, greatly enhance soil structure, increase fertility, 
reduce the risk of erosion, and deepen the soil profile. 
The presence of many well-nourished earthworms is 


often an indicator of a productive, or potentially 


productive, soil. 


3. Relief 


The shape and structure of the ground's surface, known 
as relief, plays a significant role in soil formation. 
Generally, soil layers tend to be thicker on gentle slopes 
and thinner on steep slopes. This is because erosion 
happens more quickly on steeper slopes, causing the soil 
to be removed faster. Furthermore, slopes that face away 
from the Sun usually have cooler and more humid soils 
since they are protected from direct sunlight. On the 
other hand, slopes that face the Sun experience higher 
soil temperatures and increased evapotranspiration due 
to direct exposure to solar rays. 

Topography also affects the distribution of water on the 
soil's surface. Water runoff from higher ground leads to 
wetter conditions in lower areas, sometimes resulting in 
saline sloughs or organic soils. As a result, topography 
influences various factors such as soil processes, soil 
distribution, and the type of vegetation found in a 


particular location by redistributing climatic features. 
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4. Parent Material 


e The chemistry of soil is significantly influenced by the 
original source of its parent material. This is because soil 
inherits various properties from the parent material it 
forms from, including mineral composition, color, particle 
size, and chemical elements. 

e For instance, the soils in the peninsular regions are 
highly reflective of their parent rocks. These rocks, which 
are primarily composed of ancient crystalline and 
metamorphic materials like granite, gneiss, and schist, 
form red soils when weathered due to their iron oxide 
content. On the other hand, soils derived from lava rocks 
exhibit a black color, while sandy soils originate from 
sandstone. 

e However, it is important to note that soils in the northern 
plains have a different relationship with their parent 
material. These soils are transported and deposited from 
the Himalayan and peninsular blocks, resulting in a less 
direct connection to the in-situ rock material. This 
demonstrates the significant role that the parent material 
plays in determining the properties and characteristics of 


the soil that develops from it. 


5. Time 


e The development of soil characteristics and properties takes a 
significant amount of time. For instance, it may take hundreds or 
even thousands of years for a mineral deposit, such as the clean 
sand found in a dune, to develop into sandy soil. Soil formation 
processes are generally quite slow, often requiring centuries for 
even a thin layer of soil to form on a newly exposed surface. 

e A warm and moist environment can facilitate soil development, but 
more crucial factors are the attributes of the parent material from 
which the soil forms. For example, soil forms relatively quickly 
from sediments, but much more slowly from bedrock. As a general 
guideline, soil scientists estimate that it takes approximately 500 


years to form 2.5 cm (1 inch) of topsoil. 
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6. Human Activity 


5 


e Human activities have a significant impact on the 
physical and chemical properties of soil. For example, 
clearing native vegetation for agricultural purposes can 
lead to erosion, which removes the upper layers of soil 
that are rich in organic matter. Over time, the structure 
and composition of these agricultural soils have changed 
significantly, creating distinct soil classes that are just as 
important as natural soils. 

° Soil is a critical component of an ecosystem, containing 
both living (biotic) and non-living (abiotic) elements. Biotic 
factors in the soil include all living and once-living 
organisms, such as plants and insects. Abiotic factors, on 
the other hand, consist of non-living elements like 
minerals, water, and air. 

e Essential minerals that support plant growth, such as 
phosphorus, potassium, and nitrogen gas, are commonly 
found in soil. Other less common but still important 
minerals include calcium, magnesium, and sulfur. On 
average, soil consists of approximately 25% air, 25% 
water, 45% minerals, and 5% organic matter. This 
organic matter includes humus (decomposed plant and 


animal material), microscopic living organisms, and 


sometimes plant residues. 


What is the process of downward movement of fine particles 
like clays and colloids from the upper layers of the soil to the 
lower layers called? A. Eluviation B. Illuviation C. Leaching D. 


Salinization 


Conclusion 


Soil is a crucial component of Earth's environment and plays a 
vital role in supporting plant life and influencing human 
activities. Soil formation, or pedogenesis, is an ongoing process 
influenced by various factors, including climate, organisms, 
relief, parent material, time, and human activity. The study of 
soil, known as pedology, helps us understand the complex 
interactions between these factors and their impact on soil 
properties and fertility. It is essential to recognize the 
importance of soil and its formation processes in order to 
manage and maintain its health, ensuring the continued support 
of Earth's ecosystems and human livelihoods. 


What is the main difference between soil and regolith? 


Regolith is a layer of loosely packed inorganic material that covers 


the unbroken rock beneath it, resulting from the weathering of rocks. 


Soil is the upper layer of regolith, which contains a mix of living plant 
roots, decaying plant matter, microscopic plants and animals, as 
well as varying amounts of air and water. Soil is primarily composed 
of finely fragmented mineral particles and is the ultimate product of 


weathering. 


What are the four classes of soil-forming processes? 


The four classes of soil-forming processes are soil enrichment, 
removal, translocation, and transformation. Enrichment involves the 
addition of organic or inorganic matter to the soil, removal involves 
the loss of materials from the soil mass, translocation refers to the 
movement of materials upward or downward within the soil, and 
transformation involves changes occurring within the soil material 


itself. 


How does climate affect soil formation? 


Climate, specifically precipitation and temperature, plays a 
significant role in determining soil properties. Precipitation influences 


the movement of nutrients and other chemical compounds in the 


1. What is soil genesis? 
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soil, while temperature controls the form of water present on and 
within the soil and affects the rate of chemical reactions, 


evapotranspiration, and biological processes. 


How do organisms contribute to soil formation? 


Organisms, such as plants, animals, and microorganisms, 
significantly impact soil formation by contributing to the mixing and 
disturbance of soil, supplying organic matter, and creating burrows 
that enhance soil structure. For example, earthworms play a crucial 


role in improving soil fertility and reducing the risk of erosion. 


Why is the parent material important in soil formation? 


The chemistry of soil is significantly influenced by the original source 
of its parent material, as soil inherits various properties from the 
parent material it forms from, including mineral composition, color, 
particle size, and chemical elements. This means that the parent 
material plays a crucial role in determining the properties and 


characteristics of the soil that develops from it. 


Ans. Soil genesis refers to the process of how soil is formed through the interaction of various 


factors such as climate, parent material, organisms, topography, and time. 


2. What factors contribute to soil formation? 


Ans. Several factors contribute to soil formation, including climate (temperature and precipitation), 


parent material (the type of rock or sediment from which the soil is derived), organisms (such as 


plants, animals, and microorganisms), topography (the shape and slope of the land), and time (the 


duration of soil formation processes). 


3. How does climate affect soil formation? 


Ans. Climate plays a significant role in soil formation. Temperature and precipitation influence the 


rate at which rocks weather and break down into smaller particles, which is a critical step in soil 


formation. Additionally, climate affects the type and amount of vegetation that grows in an area, 


which in turn affects the organic matter content of the soil. 


4. What is the role of organisms in soil genesis? 


Ans. Organisms, including plants, animals, and microorganisms, play a vital role in soil genesis. They 


contribute to the breakdown of organic matter, nutrient cycling, and soil structure formation. The 


activities of organisms, such as root growth, burrowing, and decomposition, enhance soil fertility 


and help create a conducive environment for other soil-forming processes. 


5. How does topography influence soil formation? 


Ans. Topography, or the shape and slope of the land, affects soil formation in several ways. Steep 


slopes can lead to erosion, which removes the top layer of soil and hinders its development. On the 


other hand, gentle slopes allow for the accumulation of sediment and organic matter, promoting 


soil formation. Additionally, topography influences water drainage patterns, which can affect soil 


moisture and nutrient availability. 


Classification and distribution of soils 


Soil Classification 


Classifying soils in a way that is both useful for geographers and 
accurately represents the various soil types and variations is quite 
challenging. There are two primary methods of soil classification used 
today: one that focuses on the assumed origins of the soil and another 
that examines the observable properties of the soil profile. The following 
provides examples of each classification method: 


1. Classification based on the assumed origins of the soil: This 
method involves categorizing soils according to their formation 
processes, such as weathering, erosion, and deposition. This 
helps geographers understand the historical and geological 
context of a particular soil type. 

2: Classification based on the observable properties of the soil 
profile: This method focuses on the physical and chemical 
characteristics of the soil, such as texture, structure, and color. 
This approach allows geographers to analyze the current state of 
the soil and its potential for supporting various land uses and 


ecosystems. 


Both of these methods aim to provide meaningful information about soils 
for geographers while also accurately representing the wide range of soil 


types and variations found across the Earth's surface. 


Which soil type is characterized by a light-colored albic 
horizon and a dense spodic horizon, usually found in 
cold needle leaf forests? A. Alfisols B. Spodosols C. Mollisols 
D. Oxisols 


Zonal System 


The zonal system is a widely-used method for classifying soils, initially 
proposed by Russian soil scientists (Dukuchaiev and Glinka) who 
observed a strong connection between climate, vegetation, and soil 
zones across the globe. This system identifies three primary soil classes. 
Firstly, zonal soils are well-developed soils that showcase the significant 
impact of climate as the primary factor in soil formation. Secondly, 
intrazonal soils are also well-developed but are formed in areas where a 
specific local factor is the dominant influence. Lastly, azonal soils refer to 
those that are either immature or poorly developed. 


Soil Classification 


| intrazonal _] [ Aona E] 
[Hydromorphic J| —Tthosol 
C Poo JH cestnut Brown] —{___Calcimorphic Lr niuia ] 
C Praire JH Grey Desert/Sierozem| 


Grey Brown Podzol 
Red Yellow Podzol 


Tundes sad 


Mica. 


© Brow Eats 


uy Chernov à edar 


ransland seals 
T Anise 
moois 
Ber ose 
E voeon on 


1. Zonal Types 

Zonal soils are characterized by their occurrence in broad 
geographical areas or zones, and are influenced more by the 
climate and vegetation of the area rather than the rock-type. 
They are mature soils that have developed under stable 
conditions over a long period of time. Some examples of zonal 


soils include: 


1. Podzols: These soils have a bleached E horizon due to 
the cheluviation process. They can be found in cool 
climates south of the tundra region, typically in 
association with coniferous forests. There are three types 
of podzols: humus podzol, iron podzol, and gley podzol. 

2. Brown Earth: These soils occur in milder climates with 
deciduous forests, equatorward of the main podzol zone. 
They exhibit less intense leaching than podzols, and their 
brown color comes from the dispersed distribution of 
sesquioxides. Brown earths are widespread in Britain, 
except in highland areas. 

3. Tundra Soils: These soils have a great variation due to 
the different patterns of ground ice in the tundra. They 
can be peaty, thin, or humic, depending on the specific 
conditions of the area. Examples include brown polar 
desert soils in Antarctica and Arctic brown forest soils in 
the northern hemisphere. 

4. Sierozems: These soils are found in desert and 
semi-desert areas and can be considered extreme forms 
of chestnut soils. They have a low organic matter 
content, but when irrigated, they can be very fertile due to 
their high base status. 

5. | Chernozem Soils: Associated with steppe or prairie 
vegetation, these soils have a deep dark layer rich in 
humus and a calcium-rich horizon deep in the profile. 
They have a well-developed crumb structure and are 
most commonly found in areas with loess, such as the 
mid-west of North America, Russia, and northern China. 

6. Chestnut Soils: Found in the arid side of the Chernozem 
belt, these soils have a lower organic content and an 
illuvial carbonate layer closer to the surface. 

7. Prairie Soils: These soils occupy the transition zone 
between chernozems and forest brown earth, with 
increasing wetness. 

8. Grumusols: Dark clayey soils found in savanna or 
grass-covered areas with a warm climate and distinct wet 
and dry seasons. They are characterized by a high 
degree of dry-season cracking and are rich in bases, 
particularly calcium. 

9. Ferralsols: These soils are found in intertropical areas 


and are rich in ferric oxide, which gives them their red, 
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brown, or yellow color. They have a low fertility due to 


their acidic nature and lack of humus and bases. 


2. Intrazonal Types 

Intrazonal soils are those that develop within other zonal soils, 
resulting from local factors such as relief, parent material, or 
age rather than climate and vegetation. There are several types 
of intrazonal soils, including hydromorphic, calcimorphic, and 


halomorphic soils. 


° Hydromorphic soils are formed in areas with waterlogged 
conditions, such as marshes, swamps, or poorly drained 
upland areas. They can be divided into two main 
categories based on the position of the water table in the 
soil profile: groundwater gleys, which have ground water 
below the surface, and surface-water gleys. Gleying is a 
process that occurs in waterlogged soils where water 
replaces air in the soil pores, leading to a reduction in 
oxygen levels and microbial activity. 

e Calcimorphic soils are those that develop on calcareous 
parent material, such as limestone or chalk. Examples of 
calcimorphic soils include rendzinas, which are dark, 
organic-rich soils found in association with chalk rock in 
Britain, and terra rossa, a predominantly mineral soil with 
a reddish upper horizon rich in clay, commonly found in 


the Mediterranean region. 


Halomorphic (saline) soils are typically found in desert 
environments and are characterized by high salt content. 


There are three common types of halomorphic soils: 


e Solanchak, also known as white alkali soils, form in 
depressions and display white salt crusts during dry 
periods. 

e Solonetz, or black alkali soils, are formed through intense 
alkalinization and are characterized by the presence of 
sodium carbonate. 

e Solodic soils develop when excess sodium in the soil 
causes the leaching of clays and sesquioxides, resulting 


in a bleached, eluviated horizon that resembles a podzol. 


3. Azonal Soils 


° Azonal soils are a type of soil that develops through the 
deposition process carried out by erosion agents. This 
means that these soils are formed from fine rock particles 
that have been transported from distant regions. Azonal 
soils are often considered immature, as they lack a fully 


developed soil profile. This could be due to insufficient 


time for them to develop completely or their location on 
steep slopes, which hinders profile development. 

° There are several reasons why immature soils may exist, 
including the characteristics of the parent material, the 
terrain's nature, or simply the lack of time for 
development. These situations typically arise in areas 
where fresh parent material is being deposited or 
exposed. 

e Examples of azonal soils include alluvial soils, which 
have little or no profile development due to their frequent 
burial under new sediments on active floodplains; 
Regosols, which consist of dry and loose dune sands or 
loess; and Lithosols, which are accumulations of 
imperfectly weathered rock fragments on steep slopes 
where erosion rates remove soil almost as fast as it is 
formed. 

e ‘There have been several criticisms of the zonal soil 
concept. One criticism is that a zonal soil type from one 
climate may be found in another. For instance, podzols, 
which are typically associated with cool continental 
climates, can also be found in maritime areas and the 
tropics. Another issue with the azonal soil classification is 
that these soils may not necessarily result from a lack of 
time for development. Instead, they could be due to local 
factors that have prevented soil development over an 
extended period. Lastly, soil profiles may not always 
accurately represent the current climate, as they may 


have inherited characteristics from previous climates. 


USDA Soil Taxonomy 
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In recent years, the US Department of Agriculture has 
adopted a system of soil classification based on observed soil 
properties rather than genetic considerations. 

There are twelve (12) orders of soils, which are distinguished 
largely on the basis of properties that reflect a major 
course of development, with considerable emphasis on the 


presence or absence of notable diagnostic horizons. 


e  Alfisols: “al” for aluminum, “f” for iron (chemical 
symbol Fe), two prominent elements in these soils 
Andisols: Rock formed from a type of magma in Andes 
Mountains volcanoes; soils high in volcanic ash 
Aridisols: Dry soils 

° Entisols: These are recently formed soils 
Gelisols: Soils in areas of permafrost 

. Histosols: These soils contain mostly organic matter 

° Inceptisols: Young soils at the beginning of their “life” 

° Mollisols: Soft soils 

° Oxisols: Soils with large amounts of oxygen-containing 
compounds 

° Spodosols: Ashy soils 

° Ultisols: Soils that have had the last of their nutrient 
bases leached out 
Vertisols: Soils in which material from O and A 
horizons fall through surface cracks and end up below 


deeper horizons. 


For this analysis, we will group the soil orders based on four 
factors that can characterize a particular order: maturity, 


climate, parent material, and high organic matter. 
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Clayey materials, 
wet-dry climate 


Major orders of the USDA Soil Taxonomy 


Order Description (Zonal system) 
1. Entisols Embryonic mineral Azonal 
2. Vertisols Disturbed and inverted Grumusols 
3. Inceptisols Young soils with weakly developed Some brown earths 
4. Aridisols Saline and alkaline soils of deserts i 
5. Mollisols ee ‘Chernozems, Chestnut, 
6. Spodosols  Leached acid soils with ashy B horizon Podzols 
7. Alfisols Leached basic or slightly acidic soils Degraded chernozems 
clay-enriched B hori: 
8. Ultisols weathered, leached acid soils 
Oxisols Very deeply weathered, highly leached Ferralsols 
10. Histosols Bog soils 


ICAR has classified the soils of India into the 
following order as per the USDA soil taxonomy 


92131.71 
44448.68 


27960.00 
14069.00 
8250.00 
1320.00 
9503.10 


Source : Soils of India, National Bureau of Soil 
Survey and Land Use Planning, Publicatton 
Number 94 


Global Soil Regions 


E, cs 4 


Soils Characterized By Maturity 


Soil Order Distribution Characteristics 
Soils Characterized by Maturity 
Entisols Recently deposited materials or materials that don’t form horizons æ No distinct horizons 
Inceptisols Young soils with minerals capable of further weathering and alteration æ Weakly developed horizons 
Alfisols Humid and subhumid climates, usually with forest cover a Subsurface accumulation of clay 
« High base status 
Spodosols Cold, moist climates, often with boreal forest cover « Low in humus 
a Low base status 
Ultisols Equatorial to subtropical zones, and warm, moist climates with a weak «æ Subsurface accumulation of clay 
to strong dry season © Low base stanus 
Oxisols Moist climates in equatorial to subtropical zones, often with rainforest « Subsurface accumulation of mineral 
vegetation oxides 


e Very low base status 


Where materials have been recently deposited soils have no e Entisols are a type of mineral soil that do not have 


horizons or poorly developed horizons and are capable of distinct layers or horizons. These soils are capable of 


further mineral alteration. 


Entisols and Inceptisols 
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supporting plant life and can be found in any climate or 


region. The absence of horizons in Entisols is often due 


to their recent formation, as they are typically found in 
newly deposited areas. 

° Inceptisols, on the other hand, are soils with only slightly 
developed horizons, which is usually a result of their 
young age. These soils can be found in various climates 
and regions, including river floodplains and deltas. 
Inceptisols found in such locations are often highly 


productive, providing fertile ground for plant growth. 


Entisols and Inceptisols can be found anywhere from equatorial to 
arctic latitude zones. Entisols and Inceptisols of floodplains and 

delta plains in warm and moist climates are among the most highly 
productive agricultural soils in the world because of their favorable 


texture, ample nutrient content, and large soil-water storage. 


Alfisols and Spodosols 

Alfisols are a type of soil characterized by a clay-rich layer 
created by illuviation (the movement of minerals from one layer 
to another) and a high base status. They can be found across a 
wide range of latitudes, from as far north as 60° N in North 
America and Eurasia to the equatorial regions of South America 
and Africa. Due to the diverse climate types found in these 
areas, Alfisols can be further divided into four suborders, each 


associated with a specific climate: 


e Boralfs are found in cold (boreal) forest lands of North 
America and Eurasia, featuring a gray surface layer and 
a brownish subsoil. 

e Udalfs are brownish Alfisols found in the mid-latitude 
regions. 

° Ustalfs are brownish to reddish Alfisols located in warmer 
climates. 

e Xeralfs are found in Mediterranean climates, 
characterized by cool, wet winters and dry summers. 


These Alfisols are typically brownish or reddish in color. 


Spodosols, on the other hand, have a light-colored albic 
horizon (layer of eluviation) and a dense spodic horizon (layer 
of illuviation). These soils develop under cold needle leaf 
forests and are generally acidic. They are commonly found in 
regions that were once covered by the massive ice sheets of 
the Late Cenozoic Ice Age. In terms of agricultural productivity, 
Spodosols are considered poor-quality soils. To improve their 
fertility, the application of lime is necessary to neutralize their 
acidity. 


Oxisols and Ultisols 


e Oxisols are soils that form in the humid regions of the 
equatorial, tropical, and subtropical zones, specifically on 
land surfaces that have remained stable for extended 
periods. These soils are commonly found in large areas 


of South America and Africa, where the climate is wet 
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equatorial and the native vegetation consists of 
rainforests. 

e Ultisols, on the other hand, are similar to Oxisols but 
have a subsurface layer of clay. These soils develop in 
environments that closely resemble those where Oxisols 
are found. Ultisols can be found in various regions, 
including Southeast Asia, the East Indies, eastern 
Australia, Central America, South America, and the 
southeastern United States. Like Oxisols, Ultisols are 
also susceptible to severe soil erosion, especially on 


steep slopes. 


Soils Characterized By Climate 


Soils Characterized By Climate 
Mollisols Semiarid to sub humid e Dark, organic-rich, upper 
midlatitude horizon 
Aridisols Dry climates of deserts andsemi bd Loose texture 
deserts e Very high base status 
- - e Low content of organic matter 
Gelisols Cold, Frozen climates e Accumulation of salts 
e Underlain by permafrost 
e Subject to chuming by 
freeze/thaw 


° Mollisols are a type of soil found in grasslands located in 
sub-humid to semi-arid climates. These soils have a 
thick, dark brown surface layer called a mollic epipedon. 
Due to their loose texture and high base status, Mollisols 
are very fertile and productive. In North America, these 
soils are prevalent in the Great Plains, the Columbia 
Plateau, and the northern Great Basin. In South America, 
Mollisols cover a large area of the Pampa region in 
Argentina and Uruguay. In Eurasia, these soils are found 
in a vast belt stretching from Romania to the steppes of 
Russia, Siberia, and Mongolia. 

° Aridisols are desert soils that have weakly developed 
horizons. They often have subsurface layers containing 
accumulations of calcium carbonate or soluble salts. 
These soils can be very fertile if irrigated and managed 
properly. Aridisols are found in areas with arid climates, 
such as dry tropical, dry subtropical, and dry mid-latitude 
regions. 

° Gelisols are soils found in permafrost regions where the 
ground is churned by the freeze and thaw of ice. These 
soils typically consist of recently deposited parent 
material left by glacial activity during the Ice Age, as well 
as organic matter that decays slowly in the cold 


temperatures. 


Soils Characterized By Parent Materials 


e Vertisols: These soils develop on specific volcanic rocks 


in wet-dry climates, particularly under grassland and 


savanna vegetation. Vertisols expand and contract as 
they get wet and dry, resulting in deep cracks in the soil. 
These soils are black in color and have a high content of 
montmorillonite clay, which is created from the 
weathering of certain volcanic rocks. The Deccan Plateau 
in western India is a significant region where Vertisols 
can be found, as the basaltic rock in this area provides 
the silicate minerals required to form the necessary clay 
minerals. 

e Andisols: Andisols are distinct soils that form on 
relatively recent volcanic ash deposits. These soils are 
dark in color and typically very fertile. They can support 
dense natural vegetation in moist climates and are found 


across various latitudes and climate conditions. 


Soils Rich in Organic Matter 

Histosols: Histosols, also known as peats or mucks, are 
organic soils that typically form in cool or cold climates where 
drainage is poor. In the northern regions where Spodosols are 


common, numerous patches of Histosols can be found. This 


Sojls 


Pedalfurs Pedocol 
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unique soil category has a high content of organic matter, which 


is concentrated in a thick, dark upper layer. 


General Classification of Soil 


Soil classification is primarily based on the specific climate and 
vegetation in which the soil has formed and developed. 
Generally, there are two main categories of soils found across 
the world: 

° Pedalfurs: These soils are found in humid areas with 


abundant vegetation. They have a higher content of 
aluminum and iron but are deficient in essential plant 
nutrients such as potassium, calcium, and phosphorus. 

e Pedocols: These soils develop under arid conditions 
and retain all the elements necessary for plant growth. 
They are typically found in regions with less than 25 
inches of annual rainfall. Pedocols are generally lighter in 
color, do not experience leaching, and have an alkaline 


nature. 


These two broad classifications can be further divided into 
subtypes based on factors such as vegetation type, 


temperature conditions, and precipitation levels. 


EEE 


Red earth Paririe 


soil red soil soil soil 


Laterite Tropical Gray brown 


Black soil or 


Chernozems soil 


Chestnut soil Gray soil Brown 


Which type of soil is known for having a high content of 
organic matter, often found in cool or cold climates with poor 


drainage? A. Histosols B. Vertisols C. Andisols D. Aridisols 


Conclusion 


Soil classification is a complex process that aims to accurately 
represent the diverse range of soil types and variations found 
across the Earth's surface. Classifications can be based on 
assumed soil origins, observable properties of the soil profile, or 
a combination of factors such as climate, vegetation, and parent 
material. Examples of classification systems include the zonal 
system, which identifies three primary soil classes, and the 
USDA Soil Taxonomy, which recognizes twelve major soil 
orders. Understanding soil classification is crucial for 


Podsols Tundra 


soil 


geographers, as it provides valuable information regarding the 
potential of a soil to support various land uses and ecosystems, 
as well as insights into the historical and geological context of a 
particular soil type. 


What is the primary difference between classification 
methods based on soil origin and those based on 
observable soil properties? 

Classification methods based on soil origin focus on the formation 
processes of the soil, such as weathering, erosion, and deposition, 
to provide historical and geological context. In contrast, methods 
based on observable soil properties examine the physical and 
chemical characteristics of the soil, such as texture, structure, and 
color, to analyze the current state of the soil and its potential for 


supporting various land uses and ecosystems. 


What are the three primary soil classes in the zonal 
system? 

The three primary soil classes in the zonal system are zonal soils, 
intrazonal soils, and azonal soils. Zonal soils are well-developed and 
influenced primarily by climate, while intrazonal soils are also 
well-developed but are formed in areas where a specific local factor 
is the dominant influence. Azonal soils are either immature or poorly 


developed. 


What are some examples of zonal, intrazonal, and azonal 
soils? 

Examples of zonal soils include podzols, brown earth, tundra soils, 
and chernozem soils. Intrazonal soils include hydromorphic, 
calcimorphic, and halomorphic soils. Azonal soils include alluvial 


soils, Regosols, and Lithosols. 


1. What is soil classification? 
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What is the USDA Soil Taxonomy, and how many soil 
orders does it include? 


The USDA Soil Taxonomy is a system of soil classification adopted 
by the US Department of Agriculture that is based on observed soil 
properties rather than genetic considerations. It consists of twelve 
soil orders, each distinguished by properties that reflect a major 
course of development and the presence or absence of notable 


diagnostic horizons. 


How does the general classification of soils into Pedalfurs 
and Pedocols relate to their climate and vegetation? 


Pedalfurs are soils found in humid areas with abundant vegetation, 
resulting in higher aluminum and iron content but deficiency in 
essential plant nutrients. Pedocols develop under arid conditions in 
regions with less rainfall, retaining all the elements necessary for 


plant growth and typically having an alkaline nature. 


Ans. Soil classification is the process of categorizing soils based on their physical, chemical, and 


mineralogical properties. It helps in understanding the characteristics and behavior of different 


types of soils. 


2. Why is soil classification important? 


Ans. Soil classification is important for various reasons. It helps in determining the suitability of soil 
for different purposes such as agriculture, construction, and engineering. It also aids in predicting 


soil behavior, erosion control, and land management. 


3. What are the different methods of soil classification? 


Ans. There are several methods of soil classification, including the USDA (United States 
Department of Agriculture) soil classification system, the AASHTO (American Association of State 
Highway and Transportation Officials) soil classification system, and the FAO (Food and Agriculture 
Organization) soil classification system. These methods consider factors such as particle size, 


mineral composition, organic content, and soil moisture. 


4. How does soil classification help in agriculture? 


Ans. Soil classification is crucial in agriculture as it provides information about the fertility, 
drainage, and nutrient-holding capacity of the soil. This knowledge helps farmers in selecting the 
right crops, determining irrigation needs, and implementing appropriate soil management 


practices. 


5. What are some common soil types found in different regions? 


Ans. The common soil types found in different regions include sandy soil, clay soil, loam soil, peat 


soil, and silt soil. Each type has its own unique characteristics, such as water-holding capacity, 


drainage, and suitability for plant growth. 


Soil profile 


Introduction to Soil Profile 


A soil profile refers to a vertical cross-section of various layers 
of soil. Typically, soil consists of three horizontal layers, namely 
the topsoil, subsoil, and bedrock. Each layer possesses distinct 
characteristics, such as texture, color, depth, and chemical 
composition. These layers are referred to as horizons, which 
are formed through internal processes like leaching or capillary 
action that causes the upward movement of materials and 
water. 

e To study a soil profile, researchers often examine a 


hexagonal column of soil sampled from the ground. This 
analysis helps to better understand the unique attributes 


and composition of each layer within the soil profile. 


@ The O-Horizon (Organic) 
© The B-Horizon or Subsoil 


@ The A-Horizon or Topsoil 
@ The C-Horizon or Bedrock 


e A soil horizon refers to a distinct layer of soil that is 
generally parallel to the surface and possesses unique 
physical properties that differentiate it from the layers 
above and below. These horizons are typically identified 
by their color and texture. 

e The topmost layer, known as the A-horizon or topsoil, is 
usually dark in color due to its high humus and mineral 
content. The presence of humus makes the soil fertile 
and provides essential nutrients to plants. This layer is 
generally soft, porous, and capable of retaining 
significant amounts of water. 

e Beneath the A-horizon is the B-horizon, also called the 
middle layer. This layer contains fewer organic materials 
but is richer in minerals. It is typically harder and more 


compact than the topsoil. 
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e — The C-horizon is the third layer, consisting of small rock 
fragments and cracks. It is positioned above the parent 


rock material. 


The soil profile is a vertical cross-section of the soil, displaying all its 
horizons. It extends from the soil surface down to the parent rock 
material. The regolith encompasses all the weathered material 
within the soil profile and is divided into two components: the solum 
and the saprolite. The solum comprises the upper horizons, 
representing the most weathered portion of the profile. The 
saprolite, on the other hand, is the least weathered part, situated 
directly above the solid, consolidated bedrock and beneath the 


regolith. 


Which of the following horizons is characterized by a high 
concentration of organic matter and nutrients, making it 
essential for plant growth? A. O Horizon B. A Horizon C. B 


Horizon D. C Horizon 


} Humus 
it 
|i Topsoil 
| Solum 
Subsoil 
4 
| — Weathered Saprolite 


rock fragmentsts 


Bedrock 


Soil Horizons 


e Soil horizons are layers of soil that form due to 
interactions between climate, living organisms, and the 
land surface over time. These layers are created through 
the selective removal or accumulation of specific ions, 
colloids, and chemical compounds, which usually occurs 
when water seeps through the soil profile from the 
surface to deeper layers. Soil horizons often have distinct 
textures and colors, making them easily identifiable. 

e There are two primary types of soil horizons: organic and 
mineral. Organic horizons, denoted by the capital letter 
O, are formed from decomposing plant and animal matter 
and lie above mineral horizons. The upper Oi horizon 
contains recognizable organic matter, such as leaves or 
twigs, while the lower Oa horizon consists of humus, 
which is organic matter that has broken down to the point 


of being unrecognizable. 


Zone of eluviation 


zone of illuviation 


On the other hand, mineral horizons consist of four main 
layers: A, E, B, and C. Each of these layers has distinct 
characteristics and composition, resulting from the 
specific processes that occur during their formation. 
Overall, understanding soil horizons is essential for 


studying soil properties and their influence on plant 


growth and environmental factors. 


O horizon 
Loose and partly 
decayed organic 

matter 


A horizon 
Mineral matter 
mixed with 
some humus 


Soil 


E horizon 
and leaching Regolith 
B horizon 
Accumulation of 
clay, iron and 
aluminum 

from above; 


C horizon 
Partially altered 
parent material 


Bedrock 
R horizon 


Unweathered 
parent material 


O Horizon 


Layers dominated by organic material. 
Some O layers consist of undecomposed or partially decomposed 
litter (such as leaves, needles, twigs, moss, and lichens). 


They may be on top of either mineral or organic soils. 


A Horizon or Surface soil 


The A Horizon, also known as surface soil, is the uppermost layer 
of topsoil. It is characterized by a mixture of organic and mineral 
matter, making it a vital component for plant life and soil 
organisms. This layer is rich in nutrients such as iron, aluminum, 
clay, and organic matter, which may sometimes dissolve and be 
transported within the soil. 

When there is a significant loss of these soluble elements, it 
results in the formation of a lighter-colored "E" horizon beneath the 
"A" horizon. This depletion of essential nutrients can impact the 
overall health and fertility of the soil. The A Horizon, therefore, 
plays a crucial role in sustaining plant growth and maintaining a 


balanced soil ecosystem. 


E horizon 


The E horizon, also known as the eluviated layer, is a light-colored 
soil layer that has experienced significant erosion of its nutrients. 
This leaching process removes clay, iron, and aluminum oxides, 
leaving behind a concentration of more resistant minerals, such as 


quartz, in the form of sand and silt. 
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The E horizon is typically found in older, well-developed soils and 


is situated between the A and B horizons. 


B Horizon or Subsoil 


The B Horizon, also known as Subsoil, is a layer beneath the 
surface that exhibits chemical or physical changes in the original 
parent material. This layer is characterized by the accumulation of 
minerals that have been leached from the A and E horizons above 
it. 

As a result, elements such as iron, clay, aluminum, and organic 
compounds build up in this zone through a process called 
illuviation, which is the opposite of eluviation (the removal of these 


elements from the upper horizons). 


C Horizon or Parent rock 


The C Horizon, also known as parent rock, is a layer in the soil 
profile where weathered parent material accumulates. This layer 
consists of sedimentary deposits, which are the remains of the 
original rock from which the soil is formed. 

The C Horizon contains large, unbroken rocks and is 
characterized by the accumulation of soluble compounds, such as 
inorganic minerals. This layer plays a significant role in the 
formation of soil and its composition, as it provides the foundation 


for the development of other soil layers above it. 


R Horizon or Bedrock 


The R Horizon, also known as Bedrock, is the layer of partially 
weathered bedrock found at the base of the soil profile. This layer 
is distinct from the other layers above it, as it primarily consists of 
continuous masses of hard rock. 

Soils that have formed in situ, or in their natural position, will show 
strong similarities to the bedrock layer they are formed on. The R 
Horizon, or bedrock layer, is located beneath the other soil profile 


layers, typically at a depth of less than 50 feet. 


O HORIZON 
Surface litter: 


O (humus or organic Petally decomposed 


5 organic matter 
A (topsoil) A HORIZON 
Topsoil: Humus, living 
i r t » inorganic 
E (eluviated horizon) mineras 


E HORIZON 

Zone of leaching, mate- 
B (subsoil) rials move downward 
B HORIZON 
Subsoil: iron, aluminium 
humic compounds are 

Py accumulated and clay 

C (parent material) leached down trom A 

and E horizons 


C HORIZON 

Weathered parent 

material: Partial break- 
R (bedrock) down cof nonan 
R HORIZON 
Bedrock 


Significance 


The examination of soil profiles plays a crucial role in agricultural 


sciences, as it helps to identify patterns of land use. By studying 


the different layers and horizons within a soil profile, we can 
effectively classify the land's capability and potential for various 
agricultural practices. 


e This information is essential for understanding the best ways to 


manage and utilize land for sustainable and productive agriculture. 


In the soil profile, which horizon is known for the accumulation 
of minerals that have been leached from the horizons above it? 


A. O Horizon B. A Horizon C. B Horizon D. C Horizon 


Conclusion 


Soil profiles are essential in understanding the various layers and 
horizons that make up the soil, each with their distinct characteristics and 
composition. These profiles play a crucial role in agricultural sciences, as 
they help classify land capability and potential for sustainable and 
productive agriculture. By examining soil profiles, researchers can better 
manage and utilize land resources, ultimately contributing to the overall 
health and fertility of the soil ecosystem. 


What is a soil profile, and why is it important? 


A soil profile is a vertical cross-section of various layers of soil, including the 
topsoil, subsoil, and bedrock. It is essential to understand a soil profile to 
determine the soil's properties, such as its fertility, texture, and chemical 


composition, which all influence plant growth and land use potential. 


What are the different soil horizons, and how are they formed? 


4. Why is studying soil profile important? 
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Soil horizons are distinct layers of soil formed due to interactions between 
climate, living organisms, and the land surface over time. The primary soil 
horizons include the O horizon (organic material), A horizon (topsoil), E horizon 
(eluviated layer), B horizon (subsoil), C horizon (parent rock), and R horizon 
(bedrock). Each layer has unique characteristics and composition, which result 


from specific processes occurring during their formation. 


How does the A horizon (topsoil) contribute to plant growth and soil 
health? 


The A horizon, or topsoil, is rich in nutrients, such as iron, aluminum, clay, and 
organic matter, which are essential for plant growth and soil organisms. This 
layer is also soft, porous, and capable of retaining significant amounts of water, 


providing a suitable environment for plant roots and microorganisms. 


What is the difference between eluviation and illuviation in soil 
formation? 


Eluviation is the process of removing soluble elements, such as clay, iron, and 
aluminum oxides, from the upper soil horizons (A and E) due to water seeping 
through the soil profile. On the other hand, illuviation is the process of 

accumulating these elements in the lower soil horizon (B), leading to a buildup 


of minerals and organic compounds. 


How can studying soil profiles help improve agricultural practices? 


By examining soil profiles, researchers can identify patterns of land use and 
classify the land's capability and potential for various agricultural practices. This 
information is crucial for determining the best ways to manage and utilize land 
for sustainable and productive agriculture, which can ultimately help improve 


crop yields and soil health. 


Ans. Studying soil profile is important because it helps in understanding the soil's fertility, drainage 


capacity, nutrient content, and suitability for various agricultural and engineering purposes. It also 


aids in identifying potential soil erosion risks, groundwater contamination potential, and assessing 


soil health. 


5. How can we determine the soil profile? 


Ans. Determining the soil profile involves conducting soil surveys and soil sampling. Soil surveys 


include digging soil pits or auguring to observe and describe the different horizons present. Soil 


samples can be collected at various depths and analyzed for physical and chemical properties to 


further characterize the soil profile. 


1. What is a soil profile? 


Ans. A soil profile refers to the vertical arrangement of different layers or horizons of soil that are 


present in a particular area. It provides valuable information about the soil's composition, 


structure, and properties. 


2. How is a soil profile formed? 


Ans. A soil profile is formed through the process of soil formation, also known as pedogenesis. This 


process involves the weathering of rocks and minerals, the addition of organic matter, and the 


movement of water and nutrients through the soil layers over time. 


3. What are the different horizons of a soil profile? 


Ans. A soil profile typically consists of several horizons, each with distinct characteristics. The main 


horizons include the O horizon (organic matter-rich), A horizon (topsoil with organic matter), E 


horizon (leached of minerals and nutrients), B horizon (subsoil with accumulated minerals), C 


horizon (weathered parent material), and R horizon (unweathered bedrock). 


Soil Erosion 


Erosion is a natural process that involves the detachment and 
removal of loosened rock materials and soils by external forces, 
without human interference. This is also known as geological 
erosion. The slow removal of soil is an inevitable and universal 


part of the natural geological process of denudation. 


e However, accelerated erosion refers to the increased rate 
of erosion caused by human-induced changes in land 
use. This type of erosion is usually called man-induced 
erosion or soil erosion. Soil erosion refers to the 
loosening and displacement of topsoil particles from the 
land. It can occur as a slow, natural process (geological 
erosion) or as a fast process that is exacerbated by 
human activities such as deforestation, floods, and 
tornadoes. 

e Soil erosion is a severe form of soil degradation in which 
the natural geomorphological process is accelerated, 
causing soil to be removed at a rate that is ten to several 
thousand times faster than under natural vegetation 
conditions. This rapid removal occurs much faster than 
the rate at which new soil forms. 

° Accelerated soil erosion or man-induced soil erosion 
primarily occurs in humid climate regions where humans 
have extensively cleared forests, removed grasslands, 
and allowed overgrazing and trampling by livestock at an 


alarming rate. 


Soil erosion involves two main processes: 


1. Loosening and detachment of soil particles from the soil 
mass, and 
2. | Removal and transport of the detached soil particles 


downslope. 


Human activities have significantly modified and changed land use 
patterns, leading to increased soil erosion. It is essential to 
understand and manage these changes to prevent further 


degradation of the land and maintain soil health. 


L.D. Meyer and W.H. Wischmeier emphasized that the ease 


with which soil particles can be detached from the soil mass is a 


critical factor in soil erosion. This detachability is largely 
influenced by the grain size, or the size and cohesiveness of 
the particles. When soil particles have a grain size larger than 


0.2 mm, a greater force from the velocity of moving water is 
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required to detach them. As the grain size increases beyond 
0.20 mm, the critical velocity needed for detachment also 


increases. 


° Morisawa (1968) identified two primary independent 
factors that determine the rate and kind of soil erosion 
that occurs on hill slopes: climate and geology. 

e Soil erosion and land degradation are significant issues 
that disrupt the global ecological balance. The rapid 
growth of the human population has put immense 
pressure on land and soil resources, leading to land 
degradation and increased soil erosion. Globally, over 
4.85 billion acres (1.96 billion hectares) or 17% of the 
Earth's vegetated surface has been negatively affected 


by human activity to varying degrees. 


CAUSES OF WORLDWIDE LAND DEGRADATION 


E over-cultivation 


E over-grazing @deforestation Mother 


Types of Soil Erosion 


Soil erosion is classified on the basis of the physical agent 
responsible for erosion. The various types of soil erosion are 
consequently referred to as: 

1. Water erosion 


2. Wind erosion 


1. Water erosion 

Running water is one of the main agents, which carries away 
soil particles. Soil erosion by water occurs by means of 
raindrops, waves, or ice. Soil erosion by water is termed 


differently according to the intensity and nature of erosion. 


e Raindrop erosion 

. Sheet erosion 

e Rill erosion 

e Steam banks erosion 

e Erosion due to landslides 
. Coastal erosion. 


(i) Raindrop erosion 


e Raindrops behave like tiny bombs when falling on 
exposed soil, displace soil particles and destroy soil 
structure. 

e Average size of a raindrop is approximately 5 mm in 
diameter falling through the air hits the soil at a velocity of 
32 km/hr. 

e Presence of vegetation on land prevents raindrops from 
falling directly on the soil thus erosion of soil in areas 


covered by vegetation is prevented. 


Sheet erosion 


e The detachment and transportation of soil particles by 
flowing rainwater is called sheet or wash off erosion. 


e This is a very slow process and often remain unnoticed. 


Rill erosion 


e In rill erosion finger like rills appear on the cultivated land 
after it has undergone sheet erosion. 

e These rills are usually smoothened out every year while 
forming. 

e Each year the rills slowly increase in number become 
wider and deeper. 

e When rills increase in size, they are called gullies. 


Ravines are deep gullies. 


Streambank erosion 


e The erosion of soil from the banks (shores) of the 
streams or rivers due to the flowing water is called bank 


erosion. 


Landslide 


e A sudden mass movement of soil is called a landslide. 
Landslides occur due to instability or loss of balance of 


land mass with respect to gravity. 


Coastal erosion 


e Coastal erosion of soil occurs along seashores. It is 
caused by the wave action of the sea and the inward 


movement of the sea into the land. 


Which of the following agricultural practices can lead 
to accelerated soil erosion? A. Crop rotation B. Contour 


plowing C. Monoculture D. Terracing 
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Consequences of water erosion 


e Water erosion leads to the loss of the most fertile layer of 
soil, leaving behind the less fertile subsoil. This occurs as 
the fine particles in the topsoil, which contain the majority 
of nutrients and organic matter required by plants, are 
removed. As a result, the soil's capacity to store water is 
reduced. 

° The removal of seeds and seedlings due to erosion 
causes the soil to become bare, making it more 
susceptible to further erosion by both wind and water. 
Additionally, the loss of seeds and seedlings lowers the 
soil's ability to retain water. 

e Different types of water erosion, such as sheet, rill, gully, 
and stream bank erosion, contribute to the siltation of 
rivers, streams, and agricultural fields. This deposition of 
silt can damage crops and pastures, as well as lead to 
the sedimentation of water bodies like streams, dams, 
and reservoirs. 

e The sedimentation of water bodies negatively impacts 
water quality and can harm aquatic habitats and 
organisms. Furthermore, coastal erosion can result in the 
surrounding land being covered by sand, causing further 


damage to the environment. 


2. Wind erosion 

Wind-induced soil erosion primarily occurs in regions where 
natural vegetation has been depleted. These circumstances are 
typically found in arid and dry zones near the sandy coastlines 
of oceans, lakes, and rivers. 

There are three primary methods by which soil particles are 


dislodged and moved by wind: 


e —_ Siltation: This process involves the soil being lifted and 
carried by the wind in a series of brief, bouncing 
movements. 

e Suspension: In this case, soil particles are suspended in 
the air and transported over long distances, often by 
strong winds. 

e Surface creep: This phenomenon occurs when soil 
particles are pushed along the ground by forceful, 


high-velocity winds. 


Consequences of wind erosion 


° Wind erosion leads to the removal of finer soil 
components such as organic matter, clay, and silt in a 
colloidal form, leaving behind coarser and less fertile 


materials. This results in a decline in the soil's productive 


capacity, as the majority of plant nutrients are attached to 
the smaller colloidal soil particles that get eroded away. 

° Moreover, wind erosion can cause significant damage to 
roads and productive agricultural lands by depositing vast 


amounts of airborne soil particles onto these surfaces. 


Soil Erosion caused by Human Activity 


Certain human activities accelerate soil erosion. 


° Deforestation 

° Farming 

° Mining 

e Developmental work, human settlements, and 


transport 


Deforestation is the process of cutting down and removing 
trees, clearing away forest debris, as well as the destruction 
caused by livestock grazing, trampling, and forest fires. This 
activity leads to soil erosion and land degradation, as it disrupts 
the vital balance between soil and plant nutrients. 

Agriculture is another significant human activity that 
contributes to soil erosion. As crops are grown, harvested, and 
land is plowed repeatedly, the soil is exposed to wind and rain, 
preventing it from retaining moisture. This agricultural process 
results in severe soil erosion on farmland, known as wash off or 
sheet erosion. In arid and semi-arid regions, wind-driven sand 
movements have a similar impact as sheet erosion, where 
water is the primary factor. As a result, a gradual process of 
desertification occurs, leading to a continuous loss of land 
fertility. 

The following agricultural practices can lead to accelerated 


soil erosion 


e Tilling or ploughing: These practices disturb the natural 
soil surface and protective vegetation, increasing the 
chances of erosion. 

° Continuous cropping: Repeatedly growing crops on the 
same land and expanding cultivation to marginal and 
sub-marginal lands can encourage soil erosion. 

e Cultivation on mountain slopes: Farming on sloping 
lands without proper land treatment measures, such as 
bounding, terracing, and trenching, can lead to soil 
erosion and loss of nutrients. 

° Monoculture: This refers to planting only one type of 
crop in a field. Monoculture can contribute to soil erosion 
in several ways: 

° Harvesting a monoculture crop all at once leaves 
the entire field bare and exposed to wind and 
water erosion. 

e Without vegetation to retain it, natural rainfall runs 


off the surface rather than being absorbed by the 
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soil, carrying away topsoil and causing erosion and 
degradation. 

e If a disease or pest infestation occurs, the entire 
crop may be destroyed, leaving the soil vulnerable 
to wind and water erosion. 

Overgrazing: Allowing too many animals to graze on a 
grassland can lead to trampling and destruction of 
vegetation. Without adequate plant cover, the land 
becomes highly susceptible to both wind and water 
erosion. 

Economic activities: Extracting natural resources such 
as metals, minerals, and fossil fuels can disturb the land, 
leading to soil erosion and significant changes in the 
landscape. 

Developmental activities: Soil erosion can also occur 
due to development activities like housing, transportation, 
communication, and recreation. Construction of houses, 
roads, and rail tracks can cause accelerated soil erosion 
and disrupt the natural drainage system by disturbing the 


land. 


Consequences of Soil Erosion 


Soil erosion has numerous consequences for the 
environment, agriculture, and human activities. The loss 
of topsoil, which contains the majority of nutrients and 
organic matter necessary for plant growth, is one of the 
main issues. Wind erosion specifically removes finer soil 
materials such as organic matter, clay, and silt, leaving 
behind coarser and less fertile soil. 

Another consequence of soil erosion is the removal of 
seeds and seedlings, which leads to bare soil. This 
makes the soil more susceptible to further erosion by 
both wind and water. Additionally, the loss of seeds and 
seedlings reduces the soil's capacity to retain water. 
Erosion in the form of sheet, rill, gully, and stream bank 
erosion contributes to the sedimentation of rivers, 
streams, and fields. This results in crop damage, pasture 
destruction, and sediment buildup in water bodies such 
as streams, dams, and reservoirs. This sedimentation 
can cause deterioration in water quality and harm aquatic 
habitats and organisms. 

Gully erosion can lead to significant soil loss, with some 
gullies reaching up to 30 meters in depth. This can 
severely limit land use and disrupt normal farming 
operations. Streambank erosion, on the other hand, not 


only results in land loss but can also change the course 
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of rivers and streams. This type of erosion can also Land/Soil Degradation 
damage public roads and infrastructure. Degraded land is classified on the basis of the productive 


e Wind erosion can have detrimental effects on roads and capacity of the land. Slight degradation refers to the condition 


h ield potential is reduced by 10%. Moderat 
agricultural fields by depositing large amounts of airborne where:cróp:yield potential. is:reduced by 10%::Moderate 
degradation refers to 10-50% reduction in yield potential and in 
soil particles. This can lead to reduced fertility and 
severe degradation means that the land has yield potential is 
ductivity of the land. 
aa DE AR lost more than 50% of its potential yield capacity (productive 


e Landslides, or the mass movement of land, can also 


capacity). 
hinder agricultural production and limit land use. These 
events can result in the loss of life for both humans and e\eactalanas Ly 
prepared from 
animals. satellite data 


supporting? 


e Finally, coastal erosion can lead to the encroachment of 
sand onto adjacent land areas, impacting the overall 
landscape and land use. Overall, soil erosion has 
wide-ranging consequences that can significantly affect 


the environment, agriculture, and human activities. 


Prevention of Soil Erosion 


. . Pra + + . Excl j t 
e To prevent soil erosion, it is crucial to maintain a K é EE 


C] Barren rocket/Stoney waste 


vegetation cover that prevents soil exposure to rain. 
E Acid soils under open forest 


Vegetation is essential because plant roots help hold soil hey Ñ: C] Exclusively open forest 
Ç è (5) Wind erosion 
particles together, and plants can also intercept rainfall, =. ) BAY OF  [— Exclusively sodic soils 


BENGAL [—) Snowcovered & glacial area 
shielding the soil from the direct impact of raindrops. 


e Controlling cattle grazing is another important measure to od Detar SUEN, KA SASEA, CLAND SN AEE 


Jharkhand, Orrisa 


prevent soil erosion. Additionally, adopting crop rotation 


and leaving the land fallow (i.e., not planting anything in Some causes of land degradation are 


the soil for a certain period) can help preserve soil quality. e Use of agrochemical (chemical fertilizers and pesticides) 
e Improving vegetation and soil management to increase e Excessive irrigation 
soil organic matter is also beneficial for preventing e Cultivation of high yielding plant varieties. 


erosion. To reduce stream bank erosion, it is necessary 


to store runoff water in catchment areas for as long as Agrochemical and their harmful effects on land 

possible, which can be achieved by maintaining Agrochemicals are applied to the soil for two main reasons 

vegetation cover and constructing dams for water namely to: 

storage. e replenish or replace soil nutrients by using chemical 
e To prevent or reduce coastal erosion, it is essential to fertilizers. 


re-establish protective vegetation along the beaches. The A Destroy plant pests by using toxic chemicals called 


most effective method of controlling coastal dune erosion 


pesticides. 
is to avoid disturbing the dunes and the coastal system. 
Furthermore, building construction and other (i) The adverse effect of use of chemical fertilizer: 
developments should be situated behind the dune Plants take up nutrients from the soil. Repeated crop cultivation 
systems. depletes nutrients in the soil. Therefore, nutrients in soil have to 


e For sandy soils, it is important to maintain a vegetation be augmented periodically by applying chemical fertilizers. 


However, excess use of chemical fertilizers and pesticides 
cover of at least 30%. Wind access to the soil should be P 

leads to the following problems: 
controlled by leaving stubble or mulch on the soil (stubble 


refers to the remnants of a crop left after harvesting). e Most of the chemical fertilizers used in modern 
Planting trees in the form of a shelter belt can also help agriculture contain macronutrients like nitrogen, 
break or control wind speed, further preventing soil phosphorus, and potassium (NPK). The excessive 


erosion. addition of NPK to the soil however causes the plants to 


absorb more micronutrients from the soil. As a result, the 
soil becomes deficient in micronutrients like zinc, iron, 
copper, etc, and the soil productivity decreases. 

° Fertilizer which is not used by plants is washed down 
with rainwater and carried into water bodies, resulting in 
eutrophication or algal bloom leading to the death of 
aquatic life. 

e About one-fourth of the applied fertilizer is not used by 
the crop plants and is leached down into the soil and 
underground water aquifer. Excess nitrates in water are 
harmful especially in bottle-fed infants who cause the 


disease, methemoglobinemia. 


(ii) The adverse effects of the use of plant protection 
chemicals 

Toxic chemicals used to kill pests of cultivated crops. These 
poisonous chemicals are collectively called biocides (agents 
that kill organisms) they are not selective i.e., they not only kill 
the target pests but may also kill other non/not target and other 
useful organisms. Moreover, Biocides tend to remain active 
long after destroying the target organisms i.e. pests, weeds, 
fungi or rodents. It is persistence that makes these chemicals 
harmful to us. 

Problems due to excessive irrigation 

Excessive irrigation of soil may leads to waterlogging and 


accumulation of salt in the soil. Both these degrade the soil. 


° Waterlogging: Excessive irrigation of land without proper 
drainage raises the water table. This causes the soil to 
become drenched with water or waterlogged. This 
waterlogged soil cannot support good plant growth due to 
a lack of air particularly oxygen in the soil, which is 
essential for the respiration of plant roots. Waterlogged 
soils lack mechanical strength and cannot support the 
weight of plants that fell down and get logged thus 
become submerged in the mud. 

e Salt affectation: In areas of high temperature, excessive 
irrigation of land usually causes the accumulation of salt 
in the soil. This is because water evaporates fast leaving 
behind traces of salt in the soil. As cycles of irrigation are 
repeated the leftover salt accumulated and forms a thick 
layer of grey or white effervescence on the surface. The 
productivity of salt-affected soil is low. Plants in saline soil 
are unable to absorb nutrients and so face water stress 
(lack of water) even when moisture is abundant in the 


soil. 


Impact of high yielding plant varieties on leads to soil 
degradation 


High Yielding Varieties (HYV) have played a significant role in 
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boosting food production, but they have also had considerable 
effects on the environment. HYVs are artificially developed 
varieties of agricultural crops, fodder plants, forest trees, 
livestock, and fish. These varieties necessitate sufficient 
irrigation and the extensive application of fertilizers and 
pesticides to achieve their full potential. However, the use of 
such agrochemicals has contributed to land degradation, which 


is an alarming environmental concern. 


Measures for Preventing Soil Erosion and 


Land Degradation 


° Planting trees: Planting trees helps in preventing wind 
erosion by breaking the force of the wind. Trees not only 
protect the soil from the sun, wind, and water, but also 
help in holding the soil particles together. 

° Implementing cultivation and farming techniques: 
There are various cultivation and farming techniques that 
can help reduce soil erosion: Cultivating land 
perpendicular to the wind direction can help minimize 
wind erosion. 

e Ploughing style: Certain ploughing styles, such 
as contour ploughing or ploughing at right angles 
to the slope, can significantly reduce soil erosion. 
The ridges created during this process act as small 
barriers that help water seep into the soil rather 
than flow down the slopes, causing erosion. 
Contour ploughing can decrease soil erosion by up 
to 50%. 

° Strip farming: This technique involves planting 
the main crops in wide rows and filling in the gaps 
with another crop to ensure complete ground 
coverage. This helps in slowing down water flow 
and allowing it to soak into the soil, reducing 
erosion problems. 

e Terracing: This method involves creating terraces 
on steep slopes to prevent water flow and reduce 
soil erosion. However, terraces may require 
significant maintenance and repair due to their 
susceptibility to erosion. 

e Timing of tillage: The season in which a field is 
tilled can greatly affect the amount of erosion that 
occurs during the year. For example, if a field is 
ploughed in the fall, erosion can happen all winter 
long, whereas if the ground cover remains until 
spring, there is less time for erosion to occur. 

e No-till cultivation: This method involves using 
specialized machinery to loosen the soil, plant 


seeds, and manage weed control with minimal 


disturbance to the soil. However, this practice can 
lead to increased weed and insect populations, 
which can compete with or damage crops. 

° Polyvarietal cultivation: This technique involves 
planting several varieties of the same crop ina 
field. As the harvest time varies for different crop 
varieties, they can be selectively harvested at 
different times, ensuring that the entire field is not 
exposed at once, thus protecting the land from 
erosion. 

e Adding organic matter to the soil: Incorporating 
organic matter into the soil, such as crop residues 
or entire crops grown specifically for ploughing into 
the ground, can help reduce soil erosion. Soil 
microbes decompose the organic matter and 
produce polysaccharides, which are sticky 
substances that help bind soil particles together 


and make the soil more resistant to erosion. 


° Terrance Farming 


Agriculture technologies for preventing soil degradation 


e Organic farming and green manures: Rather than 
using chemical fertilizers to increase the nitrogen content 
in the soil, a more natural approach can be adopted by 
utilizing nitrogen-fixing bacteria found in the root nodules 
of legumes. Additionally, employing organic fertilizers 
such as cow dung and agricultural waste can enhance 
the nutrient levels in the soil. This helps to decrease the 
extended use of chemical fertilizers and minimize their 
harmful effects. 

. Biofertilizers: Microorganisms are crucial components of 
nutrient-rich soils. They contribute to the development of 
soil structure, increase the availability of essential 
nutrients, and enhance the soil's physical properties. A 
wide variety of microorganisms can be used as 
biofertilizers to improve the nutrient status of agricultural 
fields. 

e Biological pest control: Natural predators and parasites 


of pests play a significant role in managing plant pests 
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and pathogens. Farmers are increasingly using these 
biological control agents to control or eradicate plant 
pests. As these agents do not enter the food chain or 


poison animals, they are less likely to harm humans. 


Conclusion 


In conclusion, soil erosion and land degradation pose significant 
threats to the environment, agriculture, and human activities. 
Human-induced factors such as deforestation, farming, mining, 
and developmental activities contribute to accelerated soil 
erosion. Preventative measures, including planting trees, 
implementing sustainable farming techniques, and utilizing 
organic fertilizers and biological pest control, can help mitigate 
these issues. By understanding and managing the causes of 
soil erosion and land degradation, we can ensure the long-term 
sustainability of our soil resources and maintain a healthy 
environment for future generations. 


What is the main purpose of implementing terrace farming on 
steep slopes? A. To increase the land area available for cultivation 
B. To prevent water flow and reduce soil erosion C. To facilitate 


easy irrigation D. To enhance the aesthetic appeal of the landscape 


What is the difference between geological 


erosion and accelerated soil erosion? 


Geological erosion is a natural process that involves the detachment 
and removal of loosened rock materials and soils by external forces, 
without human interference. Accelerated soil erosion, on the other 
hand, refers to the increased rate of erosion caused by 
human-induced changes in land use, such as deforestation, 


agriculture, and construction activities. 


What are the primary types of soil 


erosion? 


There are two main types of soil erosion: water erosion and wind 
erosion. Water erosion can occur in various forms, such as raindrop 
erosion, sheet erosion, rill erosion, streambank erosion, and coastal 
erosion. Wind erosion primarily occurs in regions where natural 
vegetation has been depleted, leading to the displacement of soil 


particles by wind. 


How do human activities contribute to soil 


erosion and land degradation? 


Human activities such as deforestation, agriculture, mining, and 
developmental work can lead to increased soil erosion and land 
degradation. These activities can disrupt the natural balance 
between soil and plant nutrients, expose soil to wind and water, and 


result in the loss of fertile topsoil. 


What are some consequences of soil 


erosion? 
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Soil erosion can lead to a decline in soil fertility and productivity, loss What are some measures that can be taken to prevent soil 
of seeds and seedlings, sedimentation of water bodies, damage to erosion and land degradation? 


crops and pastures, and deterioration of water quality. It can also , , oe 
Measures to prevent soil erosion and land degradation include 


negatively impact aquatic habitats and organisms, disrupt the R , are : , 
planting trees, implementing cultivation and farming techniques such 
landscape, and limit land use. , 2 E > haat , 
as contour ploughing, strip farming, and no-till cultivation, adding 
organic matter to the soil, and adopting agriculture technologies like 
organic farming, green manures, biofertilizers, and biological pest 


control. 


1. What is soil erosion? 


Ans. Soil erosion refers to the process by which soil is displaced or removed from one location to 
another. It occurs due to the action of wind, water, or human activities, such as deforestation and 


improper farming practices. 


2. What are the main causes of soil erosion? 


Ans. The main causes of soil erosion include: 1. Water Erosion: This occurs when rainfall or 
irrigation water flows over the land, carrying away the topsoil. 2. Wind Erosion: Wind can blow 
away the loose particles of soil, causing erosion. 3. Deforestation: The removal of trees and 
vegetation reduces the protective cover of the soil, making it more susceptible to erosion. 4. 
Improper Agricultural Practices: Overgrazing, improper plowing, and lack of crop rotation can lead 
to soil erosion. 5. Construction Activities: Construction sites without proper erosion control 


measures can result in significant soil erosion. 


3. What are the effects of soil erosion? 


Ans. Soil erosion can have several negative effects, including: 1. Reduced Soil Fertility: Erosion 
removes the nutrient-rich topsoil, which is essential for plant growth and agriculture. 2. Water 
Pollution: Eroded soil can contaminate water bodies, leading to sedimentation and reduced water 
quality. 3. Increased Flooding: Eroded soil can clog waterways and drainage systems, increasing the 
risk of flooding. 4. Loss of Biodiversity: Soil erosion can destroy habitats and disrupt ecosystems, 
leading to a decline in biodiversity. 5. Desertification: In severe cases, extensive soil erosion can 


result in the conversion of arable land into desert-like conditions. 


4. How can soil erosion be prevented? 


Ans. Soil erosion can be prevented through various measures, including: 1. Contour Plowing: 
Plowing along the contours of the land helps to slow down water flow and reduce erosion. 2. 
Terracing: Constructing terraces on steep slopes helps to reduce the speed of water runoff and 
prevent erosion. 3. Planting Vegetation: Vegetation, such as grass and trees, helps to stabilize the 
soil and reduce erosion by holding it in place. 4. Mulching: Applying mulch, such as straw or wood 
chips, to the soil surface helps to protect it from erosion caused by wind and water. 5. Conservation 
Tillage: Conservation tillage techniques, such as no-till or reduced tillage, help to minimize soil 


disturbance and erosion. 


5. How does soil erosion affect agriculture? 


Ans. Soil erosion can have significant impacts on agriculture, including: 1. Reduced Crop 
Productivity: Eroded soil lacks essential nutrients, leading to decreased crop yields. 2. Loss of 
Arable Land: Continuous erosion can result in the loss of fertile topsoil, making the land unsuitable 
for agriculture. 3. Increased Input Costs: Farmers may need to invest more in fertilizers and other 
inputs to compensate for the loss of nutrients caused by erosion. 4. Soil Structure Degradation: 
Erosion can lead to the compaction of soil, reducing its ability to retain water and support healthy 
plant growth. 5. Soil Salinization: Eroded soil can expose underlying salty layers, leading to soil 


salinization, which adversely affects crop growth. 
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Factors Influencing World Distribution of 


Plants and Animals 


Introduction 


Factors Influencing World Distribution of Plants and Animals 


Natural Human 


e Climatic 
© Topographic 
e Edaphic 
e Hydrospheric 


e Constructive Steps 
e Destructive Steps 


e Cosmopolitan distribution refers to the widespread 
presence of certain species across the globe, while 
endemic distribution refers to the occurrence of species 
in a specific geographic location and nowhere else. For 
example, giraffes are endemic to Africa, and marmoset 
monkeys are endemic to South America. On the other 
hand, some plants and animals have a very narrow 
endemic range, such as the California redwoods, which 
are found only in California. In contrast, plants like 
coconuts (Cocos nucifera) have a wide endemic range, 
as they are found throughout the tropics and are 
considered pan-tropical in their distribution. 

e In some instances, the distribution pattern of plants and 
animals can be discontinuous or disjointed, meaning that 
a species might be found in two widely separated areas, 
such as Central America and Indonesia, with no 
presence in the regions between them. One example of 
such a distribution is the Tapiran animal, found in South 
America and Malaysia. Biogeographers seek to 
understand the reasons behind these distribution 
patterns, which may be influenced by abiotic (non-living) 


and biotic (living) factors. 


Several theories have been proposed to explain the 
discontinuous or disjointed distribution of certain species, 


including: 


e The theory of continental drift (also known as Wegener's 


theory or Jigsaw theory) suggests that the continents 


were once connected and have gradually drifted apart, 
resulting in the current distribution patterns. 

° Darwin's theory of evolution proposes that species have 
evolved and adapted to their environments over time, 
which could explain the distribution of certain plants and 
animals. 

e The theory of plate tectonics posits that the movement of 
Earth's tectonic plates has influenced the distribution of 
species. 

e The theory of climate suggests that changes in climate 
have played a role in determining the global distribution 


of plants and animals. 


In summary, understanding the global distribution of plants and 
animals is essential for studying biodiversity and making informed 
decisions about conservation efforts. Various theories, such as 
continental drift, evolution, plate tectonics, and climate, have been 
proposed to explain the distribution patterns of species, and both 


abiotic and biotic factors play a role in determining these patterns. 


What is the primary factor that influences the production of 
chlorophyll and photosynthesis in plants, subsequently 
affecting the distribution of plants and animals? A. Temperature 


variations B. Light availability C. Soil type D. Nutrient availability 


Abiotic factors affecting distribution of plants and animals 


1. Geological composition: The composition of rocks in the 
lithosphere is crucial for the formation of soil, which directly 
impacts plant growth. Soil characteristics largely depend on the 
parent rock, and certain rocks provide a more suitable 
environment for specific plants, including various species of 
lichens and mosses. 

2. Availability of food: All living organisms require food for survival, 
which is a fundamental factor determining the distribution of plants 
and animals across different regions. 

3. Atmospheric conditions: Plants and animals need air, 
specifically oxygen and carbon dioxide, for respiration and various 
growth processes. The availability of these gases can be affected 
by altitude, with lower air pressure at higher altitudes causing 
difficulties in breathing for some organisms. 

4. Water availability: Precipitation, in the form of snow, drizzle, 
sleet, rain, or hail, plays a significant role in determining the 


distribution of biomes worldwide. Aquatic animals depend on 


water for survival, while some desert-dwelling animals, such as 
desert rats and reptiles, have adapted to conserve water and 
survive in arid environments. Similarly, desert plants like 
xerophytes and phreatophytes have developed specialized 
features for storing and conserving water. 

5. Nutrient availability: Essential nutrients such as nitrogen and 
phosphorus are required for the formation of proteins, enzymes, 
nucleotides, and vitamins in organisms, affecting their distribution. 

6. Soil type: The type of soil in an area greatly influences the variety 
of plant species that can grow there, as it affects water content, 
mineral availability, and the presence of microorganisms. Different 
soil types have varying water retention capacities, fertility levels, 
and mineral contents, which impact plant growth and distribution. 

7. Temperature variations: The ability to withstand extreme 
temperatures varies among plants and animals. While 
endothermic animals like birds and mammals maintain constant 
body temperatures, ectothermic animals like insects, reptiles, and 
fish regulate their body temperatures using external sources. 
Plants, too, have developed adaptations to cope with high or low 
temperatures, such as hairy stems, increased solute concentration 
in cytoplasm to reduce freezing point, and growing in clusters to 
resist cold temperatures and wind. 

8. Light availability: Light is a crucial climatic factor that influences 
the production of chlorophyll and photosynthesis, which in turn 
affects the distribution of plants and animals. It serves as the 
primary source of energy in most ecosystems, with energy 


entering the ecosystem through sunlight. 


Biotic factors affecting distribution of plants and animals 


13 Competition: Competition is a significant factor influencing the 
distribution of plants and animals in their habitats. They vie for 
space, which is essential for reproduction, movement, and 
feeding. Additionally, competition for resources such as food, 
water, and mates can impact species distribution. For example, in 
forest habitats, competition for sunlight results in an even 
distribution of trees to minimize competition. 

2. Predation: Predation plays a crucial role in determining the global 
distribution and abundance of plant and animal species, energy 
flow within ecosystems, and community diversity and composition. 
Predators also have a significant impact on the evolutionary 
process. For instance, some species develop specific traits to 
avoid predation, which, in turn, affects their distribution. 

3. Diseases: Disease outbreaks can have a profound impact on the 
distribution of plants and animals. Various diseases affect food 
crops, causing substantial losses to farmers and posing threats to 
food security. Examples include banana diseases, locusts, fruit 
flies, armyworm, cassava mosaic, and wheat rusts. These 
diseases can lead to reduced plant populations in affected areas, 
forcing them to thrive in disease-free zones. Similarly, animal 
populations may shift due to disease outbreaks brought about by 
factors such as global warming, which can disrupt the balance of 
ecosystems and alter the behavior and distribution of various 


species. 
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4. Human Activities: Human activities can influence plant and 
animal populations, causing them to migrate away from their 
natural habitats. Land development for housing and infrastructure 
often involves deforestation, which alters plant and animal 
habitats. Some species, like skunks and raccoons, can adapt to 
these changes, while others cannot, leading to population declines 
or even extinction. Pollution from human activities can also 
negatively affect plant and animal populations. Overhunting has 
led to decreased populations of certain species, such as whales. 
Urbanization and agricultural activities have displaced numerous 
plant and animal species, forcing them to adapt to new 


environments or face extinction. 


How does competition among plants and animals in 
their habitats affect their distribution? A. It encourages the 
growth of invasive species B. It leads to an even distribution of 
resources C. It results in an even distribution of species to minimize 
competition D. It does not impact the distribution of plants and 


animals 


Conclusion 


In conclusion, understanding the global distribution of plants and animals 
is crucial for studying biodiversity and informing conservation efforts. 
Various theories, including continental drift, evolution, plate tectonics, and 
climate, have been proposed to explain distribution patterns, while both 
abiotic and biotic factors play a role in determining these patterns. Factors 
such as geological composition, nutrient availability, water availability, and 
temperature variations, as well as competition, predation, diseases, and 
human activities, all impact the distribution of plants and animals. As the 
world continues to change, it is vital for researchers and conservationists 
to consider these factors when making decisions to preserve and protect 
our planet's diverse ecosystems. 


What is the difference between cosmopolitan and endemic 
distribution? 


Cosmopolitan distribution refers to the widespread presence of certain species 
across the globe, while endemic distribution refers to the occurrence of species 


in a specific geographic location and nowhere else. 


What are some theories that explain the discontinuous or disjointed 
distribution of certain species? 


Some theories include the theory of continental drift, Darwin's theory of 


evolution, the theory of plate tectonics, and the theory of climate. 


How do abiotic factors like geological composition and atmospheric 
conditions affect the distribution of plants and animals? 


Geological composition affects the formation of soil, which directly impacts plant 
growth. Atmospheric conditions can influence the availability of gases like 
oxygen and carbon dioxide, which are essential for respiration and growth 


processes in plants and animals. 


What are some examples of biotic factors that influence the 
distribution of plants and animals? 


Biotic factors include competition, predation, diseases, and human activities. 
These factors can affect the population and movement of plant and animal 


species, leading to changes in their distribution patterns. 


How do human activities impact the distribution of plants and 


animals? 
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Human activities such as land development, pollution, overhunting, 
urbanization, and agriculture can alter plant and animal habitats, forcing species 


to adapt to new environments or face population declines and even extinction. 


1. What are the main factors influencing the world distribution of plants and 


animals? 


Ans. The main factors influencing the world distribution of plants and animals include climate, 
geographical barriers, evolutionary history, human activities, and ecological interactions. Climate 
plays a crucial role as different species have adapted to specific temperature, rainfall, and sunlight 
conditions. Geographical barriers such as mountains, oceans, and deserts can limit the movement 
of species and influence their distribution. Evolutionary history determines the presence of certain 
species in specific regions due to their historical dispersal and evolutionary adaptations. Human 
activities, such as habitat destruction and introduction of invasive species, can significantly impact 
the distribution of plants and animals. Ecological interactions, such as competition and predation, 


also influence the distribution patterns of species. 


2. How does climate influence the distribution of plants and animals? 


Ans. Climate influences the distribution of plants and animals by determining the suitable 
conditions for their survival and reproduction. Different species have evolved to adapt to specific 
temperature, rainfall, and sunlight conditions. For example, tropical rainforests have high species 
diversity because they provide warm temperatures, abundant rainfall, and consistent sunlight 
throughout the year. On the other hand, deserts have low species diversity due to extreme 
temperature variations and scarce water availability. Climate also affects the growth of vegetation, 
which in turn influences the availability of food and shelter for animals. Overall, climate plays a 


crucial role in shaping the distribution patterns of plants and animals across the world. 


3. How do geographical barriers affect the distribution of plants and animals? 


Ans. Geographical barriers such as mountains, oceans, and deserts can limit the movement of 
plants and animals, thus influencing their distribution. These barriers act as physical obstacles that 
prevent or restrict the dispersal of species. For example, a mountain range can create distinct 
climatic conditions on either side, leading to the formation of different ecosystems and species 
compositions. Similarly, oceans can isolate island populations, leading to the evolution of unique 
species found only in those specific areas. Deserts can create harsh conditions that only a few 
specially adapted species can tolerate, resulting in low species diversity. Geographical barriers play 
a significant role in creating biogeographic regions and shaping the distribution patterns of plants 


and animals. 


4. How do human activities impact the distribution of plants and animals? 


Ans. Human activities have a significant impact on the distribution of plants and animals. Habitat 
destruction, through activities such as deforestation and urbanization, can lead to the loss of 
suitable habitats for many species. This can result in local extinctions and a reduction in species 
diversity. Introduction of invasive species by humans can also disrupt native ecosystems and 
displace native species. Over-hunting and overfishing can lead to the decline or extinction of 
certain species. Climate change caused by human activities can alter the suitable habitat conditions 
for many species, leading to shifts in their distribution. Overall, human activities can have 


detrimental effects on the distribution and survival of plants and animals. 


5. How do ecological interactions influence the distribution of plants and animals? 


Ans. Ecological interactions such as competition, predation, and mutualism can influence the 
distribution of plants and animals. Competition occurs when different species compete for limited 
resources such as food, water, and shelter. This can result in the exclusion of certain species from 
certain areas or the partitioning of resources among coexisting species. Predation can also shape 
the distribution of species as predators can limit the abundance and distribution of their prey. 
Mutualistic relationships, where two species benefit from each other, can influence the coexistence 
and distribution of species. Overall, ecological interactions play a crucial role in determining the 


distribution patterns of plants and animals by shaping their interactions and resource availability. 


27 


Problems of deforestation and conservation 


measures 


Deforestation 


Deforestation refers to the widespread practice of cutting down 
trees, which includes repeated lopping, felling, and removing 
forest litter, as well as browsing, grazing, and trampling of 
seedlings. This process can be defined as the destruction or 
degradation of forest vegetation to such an extent that the 
forest can no longer support its natural plant and animal life. 
There are several factors that contribute to deforestation. The 
primary cause is the demand for wood, which is used as fuel, 
lumber, and paper. Another significant factor is the clearance of 
forest land for agricultural purposes, such as converting forests 
into cropland or pastures. The main causes of deforestation can 
be summarized as follows: 


1. Agriculture 

One of the primary drivers of deforestation is the growth of 
agriculture. As the demand for agricultural products increases, 
more land is needed for cultivation, leading to the clearance of 
forests, grasslands, and even marshes and underwater areas. 
This results in significant ecological damage, outweighing any 
potential benefits from increased crop yields. Furthermore, 
forest soils are not sustainable for long-term farming, as their 
nutrients become depleted over time. Once the soil is no longer 
suitable for cultivation, the area becomes prone to soil erosion 


and degradation. 


2. Shifting cultivation 

Shifting cultivation, also known as Jhoom farming or 
slash-and-burn agriculture, is a 12,000-year-old practice that 
marked a transition from food gathering to food production. 
Each year, approximately 500,000 hectares of forest are 
cleared for this type of farming. This cultivation method results 
in significant deforestation, as the land is only used for 2-3 
years before being abandoned and left for natural recovery. 
Today, shifting cultivation continues to be practiced in Indian 
states such as Assam, Manipur, Meghalaya, Mizoram, 
Nagaland, Tripura, as well as the Andaman and Nicobar 


Islands. 


3. Demand for firewood 

Firewood has long served as a source of energy for various 
purposes such as cooking and heating. In fact, approximately 
44% of the world's total wood production is used to meet fuel 
demands. When examining the distribution of wood usage, it 
becomes apparent that developed countries allocate 16% of 
their wood production for fuel purposes. India, in particular, 
consumes a substantial amount of firewood, with an annual 


usage of around 135-170 million tons. This consumption leads 


to the deforestation of 10-15 hectares of forest land in order to 
satisfy the fuel requirements of both urban and rural low-income 


populations. 


4. Wood for industry and commercial use 


° Wood is an incredibly versatile material derived from 
forests and is utilized for various industrial applications, 
including the production of crates, packing cases, 
furniture, matchboxes, wooden boxes, paper, pulp, and 
plywood. The uncontrolled exploitation of timber and 
other wood resources for commercial purposes is a 
significant factor contributing to the deterioration of 
forests. 

e One such example of this is the apple industry in the 
Himalayan region, which has led to the destruction of fir 
and other tree species due to the demand for wooden 
boxes to transport apples. Similarly, plywood crates have 
been widely used for packaging various products, such 
as tea, resulting in further deforestation and forest 


degradation. 


5. Urbanization and developmental projects 

Urbanization and development projects frequently contribute to 
deforestation. This typically starts with the construction of 
infrastructure, such as roads, railways, dams, residential areas, 
and electricity supply networks. The establishment of thermal 
power plants and the extraction of coal, metal ores, and 


minerals are also significant factors driving deforestation. 


6. Overgrazing of forests of moderate cover by animals 
mainly in the tropical and subtropical and arid and semi-arid 
areas has resulted in large-scale degradation of natural 


vegetation if not the complete destruction of forests. 


7. Other causes In recent times, global developments have led 
to significant environmental damage, particularly in tropical 
forest regions. The vast resources — both living and nonliving 
(such as minerals, rivers, and land) — found within these forests 
have drawn the attention of various industries and development 
organizations, resulting in substantial deforestation. Forest fires, 
whether triggered naturally or by human activity, are also major 


contributors to the destruction of forest cover. 


CAUSES OF TROPICAL DEFORESTATION 
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What are the primary objectives of India's National 
Forest Policy? A. Expanding forest cover and promoting 
afforestation on wasteland B. Ensuring a steady increase in the 
supply of fodder for animals and timber for agricultural tools and 
firewood for local inhabitants near forests C. Discouraging the 
unwarranted expansion of agricultural land at the expense of forest 


land D. All of the above 


Consequences of Deforestation 
Deforestation has significant consequences on both the 


physical and biological aspects of the environment. 


1. Soil erosion and flash floods: A decrease in forest 
cover, combined with overexploitation of groundwater, 
has led to accelerated erosion along the slopes of the 
lower Himalayas and Aravali hills, increasing the risk of 
landslides. The loss of forests has also altered rainfall 
patterns. The absence of forest cover allows water to 
flow off the ground more easily, washing away the topsoil 
and depositing it as silt in river beds. Forests help to 
prevent soil erosion, landslides, and reduce the severity 
of floods and droughts. 

2. Climate change: Forests play a crucial role in enhancing 
local precipitation, improving the water-holding capacity 
of soil, regulating the water cycle, and maintaining soil 
fertility by recycling nutrients through leaf fall and litter 
decomposition. Forests protect against soil erosion, 
landslides, and mitigate the impacts of floods and 
droughts. They also have a significant influence on the 
climate by absorbing carbon dioxide from the atmosphere 
and maintaining a balance between carbon dioxide and 
oxygen levels. Forests are essential for providing oxygen 
in the air we breathe, regulating the water cycle in the 
environment, and acting as environmental buffers that 
help control climate and atmospheric humidity. 

The greenhouse effect, which is a major issue of this 
century, is partly caused by deforestation. The entire 


Himalayan ecosystem is under threat and facing severe 
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imbalance as the snow-line has thinned, and perennial 
springs have dried up. Annual rainfall has declined by 3 
to 4%, and chronic droughts have started occurring in 
areas like Tamilnadu and Himanchal Pradesh, where 
they were previously unknown. 

3. Loss of wildlife: The destruction and modification of 
habitats due to deforestation lead to an ecological 
imbalance in the affected regions. The reduction of green 
cover negatively impacts the stability of the ecosystem. 
As habitats are destroyed, the wildlife that depends on 
these areas for survival also suffers, leading to a decline 


in biodiversity and the overall health of the ecosystem. 


Conservation Measures 


Protecting and conserving forest resources is crucial for a 
nation's economic development and maintaining environmental 
and ecological balance at local, regional, and global levels. 
Integrated Conservation Research (ICR), an ecological group 
from the U.S., has initiated extensive forest conservation 
programs in partnership with UNESCO's Man and Biosphere 
(MAB) program. 

The primary objective in conserving forests is to safeguard 
existing forests from unchecked and indiscriminate 
deforestation by profit-driven individuals. This goal can be 
achieved through government legislation and by raising public 
awareness regarding the significance of forest resources. 
India's National Forest Policy has established fundamental 
principles for the proper management and conservation of the 
country's forest resources, such as: 


° Categorizing forests based on their functions as 
protected forests, reserved forests, village forests, and so 
on. 

° Expanding forest cover by planting trees to improve the 
physical and climatic conditions for the well-being of the 
population. 

° Ensuring a steady increase in the supply of fodder for 
animals and timber for agricultural tools and firewood for 
local inhabitants near forests. 

° Discouraging the unwarranted expansion of agricultural 
land at the expense of forest land. 

. Extending forested areas through large-scale tree 
plantation projects to cover 33% of the country's 


geographical area. 


An essential step in conserving natural forests effectively is to 
adopt a scientific and sensible method for tree cutting. This 
approach involves selectively cutting only mature and 
economically valuable trees while avoiding those with less 
value. 

Another measure is to promote afforestation on wasteland and 
previously deforested areas. Forests should not be replaced 
with commercial fruit orchards, as these may cause further 


deforestation. For instance, apple cultivation in parts of the 


Himalayas, particularly in Himachal Pradesh (India), has 
significantly damaged natural forests. Deforestation occurs due 
to the need for land clearance for apple cultivation and the high 
demand for wood for apple packaging. 

The Integrated Conservation Research group has proposed 


comprehensive programs to improve forests, including: 


e Agroforestry: The integration of agriculture and forestry 
practices for sustainable land management. 

e Ethnobotany: The study of the relationships between 
plants and people, focusing on traditional uses of plants 
in local cultures. 

e Nature-based tourism: Promoting tourism activities that 
are oriented towards the appreciation and conservation 


of natural history and biodiversity. 


By implementing these measures and programs, we can better 
protect and preserve our precious forest resources for the 
benefit of both people and the environment. 


Remedial Measures 


e To promote afforestation, comprehensive development 
plans should be implemented, including planting 
high-yielding varieties in appropriate areas. Utilizing 
modern techniques for seasoning and preservation can 
help prevent unnecessary losses. 

° Implementing effective strategies to protect forests from 
fires and diseases can significantly contribute to 
addressing numerous issues. Conducting a detailed 
inventory of forest resources is crucial for accurately 
assessing our resources and planning their appropriate 
use. 

° Discouraging shifting cultivation and providing alternative 
livelihood sources for tribes relying on this practice is 
essential. Additionally, ensuring proper training for those 
involved in forest protection can further enhance 


conservation efforts. 


Government initiatives 


e Government initiatives in India have been implemented to 
protect and conserve the country's natural resources. 
The Botanical Survey of India (BSI) and the Zoological 
Survey of India (ZSI) conduct surveys and inventories of 
the country's plant and animal resources. The Forest 
Survey of India, meanwhile, is responsible for developing 
accurate databases for planning and monitoring 
purposes. 

ə The Biological Diversity Act 2002 and the Biological 


Diversity Rules 2004 were established to conserve the 
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country's biological resources and regulate access to 
them, ensuring that benefits from their use are distributed 
equitably. 

Industries are required to obtain "Consent for 
Establishment" and "Consent to Operate" from the 
concerned State Pollution Control Boards (SPCBs) under 
the provisions of the Water (Prevention and Control of 
Pollution) Act, 1974, and the Air (Prevention and Control 
of Pollution) Act, 1981, before commencing operations. 
Environmental Impact Assessments are conducted for 
developmental projects, and Environmental Management 
Plans are prepared in accordance with the Environmental 
Impact Assessment notification of September 2006. 
Industries are encouraged to adopt cleaner technologies 
and use improved fuel quality. Regular monitoring is 
carried out to ensure environmental compliance. 

The Joint Forest Management (JFM) program was 
introduced by the Ministry of Environment and Forests, 
Government of India, in 1990 to involve village 
communities and voluntary agencies in the regeneration 
of degraded forest lands. The program involves the joint 
protection and management of forests by the Forest 
Department and local communities. 

Sacred groves are patches of forests or natural 
vegetation dedicated to local folk deities or tree spirits 
and protected by local communities due to their religious 
beliefs and traditional rituals. 

The National Mission for a Green India aims to enhance 
the quality of forest cover and improve ecosystem 
services from 4.9 million hectares (MHA) of 
predominantly forest lands. Additionally, eco-restoration 
and afforestation efforts are being made to increase 
forest cover and ecosystem services from 1.8 MHA of 
various forest and non-forest lands. 

Finally, urban and peri-urban areas, including institutional 
lands, are targeted for tree planting, with the aim of 


enhancing tree cover in 0.2 MHA of these areas. 
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Which of the following is not a conservation measure 
to prevent deforestation? A. Selective cutting of mature and 
economically valuable trees B. Replacing forests with commercial 
fruit orchards C. Promoting afforestation on wasteland and 

previously deforested areas D. Discouraging shifting cultivation by 


providing alternative livelihood sources 


Conclusion 


In conclusion, deforestation poses severe threats to the environment, 
including soil erosion, climate change, and loss of wildlife. The primary 
causes of deforestation include agriculture, shifting cultivation, demand 
for firewood, wood for industry and commercial use, urbanization, and 
developmental projects. To mitigate these consequences and preserve 
our valuable forest resources, it is essential to adopt conservation 
measures such as agroforestry, promoting ethnobotany, and 
nature-based tourism. Government initiatives, such as the Biological 
Diversity Act, the Joint Forest Management program, and the National 
Mission for a Green India, play a crucial role in addressing deforestation 
and ensuring the sustainable use of forest resources for future 
generations. 


What are the main causes of deforestation? 


The main causes of deforestation include agriculture, shifting cultivation, 
demand for firewood, wood for industry and commercial use, urbanization and 
developmental projects, overgrazing, and other factors such as forest fires and 


global developments. 


What are the consequences of deforestation on the environment? 


1. What is deforestation? 
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Deforestation has significant consequences on both the physical and biological 
aspects of the environment. Some of these consequences include soil erosion, 


flash floods, climate change, loss of wildlife, and reduced biodiversity. 


What conservation measures can be taken to protect forests? 


Conservation measures include categorizing forests based on their functions, 
expanding forest cover through tree planting, discouraging the unwarranted 
expansion of agricultural land at the expense of forest land, and promoting 


afforestation on wasteland and previously deforested areas. 


What are some government initiatives in India to protect and 
conserve forests? 


Government initiatives in India include the Botanical Survey of India (BSI), 
Zoological Survey of India (ZSI), Forest Survey of India, the Biological Diversity 
Act 2002, the Biological Diversity Rules 2004, Environmental Impact 


Assessments, and the Joint Forest Management (JFM) program. 


What is the role of local communities in forest conservation? 


Local communities play a vital role in forest conservation through initiatives 
such as Joint Forest Management (JFM), which involves joint protection and 
management of forests by the Forest Department and local communities. 
Additionally, sacred groves, which are patches of forests dedicated to local folk 
deities or tree spirits, are protected by local communities due to their religious 


beliefs and traditional rituals. 


Ans. Deforestation refers to the permanent removal or destruction of forests or wooded areas. It 


involves the conversion of forestland into non-forest land for various purposes such as agriculture, 


urbanization, logging, mining, or infrastructure development. 


2. What are the major causes of deforestation? 


Ans. The major causes of deforestation include agricultural expansion, logging for timber and 


fuelwood, infrastructure development, mining activities, and urbanization. Other contributing 


factors include wildfires, climate change, and population growth. 


3. What are the consequences of deforestation? 


Ans. Deforestation has several consequences, including loss of biodiversity, habitat destruction for 


wildlife, soil erosion, disruption of water cycles, increased greenhouse gas emissions, climate 


change, and adverse effects on local communities who depend on forests for their livelihoods. 


4. What are some conservation measures to address deforestation? 


Ans. Conservation measures to address deforestation include promoting sustainable forest 


management, reforestation and afforestation programs, implementing stricter regulations and 


policies against illegal logging, promoting alternative livelihood options for forest-dependent 


communities, supporting indigenous rights and land tenure, and raising awareness about the 


importance of forests and their ecosystem services. 


5. How can individuals contribute to the conservation of forests and combating 


deforestation? 


Ans. Individuals can contribute to the conservation of forests and combating deforestation by 


reducing their consumption of products linked to deforestation, supporting sustainable and 


certified wood products, participating in tree planting initiatives, supporting organizations working 


on forest conservation, advocating for stronger environmental policies, and raising awareness 


about the importance of forests among their communities and social networks. 
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Social Forestry & Agroforestry 


Social Forestry 


e Social forestry refers to the practice of managing and 
cultivating forests to provide environmental benefits and 
support rural development. This concept was first 
introduced by the National Commission on Agriculture, 
Government of India, in 1976. The aim of the social 
forestry project was to alleviate the pressure on existing 
forests by utilizing unused and fallow lands for 
afforestation. 

e The project focused on the reforestation of 
government-owned lands that were located near human 
settlements and had been degraded over time due to 
human activities. Trees were planted in and around 
agricultural fields, as well as along railway lines, 
roadsides, riverbanks, and canal banks. Additionally, 
trees were planted on village common lands, government 
wastelands, and Panchayat lands. 

e To ensure the proper care and maintenance of the newly 
planted saplings, the government provided incentives to 
the local population. Initially, the government promoted 
the free distribution of usufruct species, which are plants 
that provide useful products to the community. The social 
forestry program was designed as a mass mobilization 
initiative, aiming to actively involve the general public in 


its implementation. 


What is the primary objective of the Social Forestry 
Programme? A. To promote industrialization in rural areas B. To 
encourage urbanization C. To provide environmental benefits and 


support rural development D. To increase agricultural production 


Benefits of Social forestry Programme 


° The Social Forestry Programme aims to provide 
alternative non-farm income options for impoverished 
farmers and landless laborers while also promoting better 
land use through the conversion of wastelands into 
forestry plantations. This initiative is part of an 
afforestation scheme that seeks to increase India's 
forested area to meet the target of 33% coverage. 

e Furthermore, the program supports wasteland 


development by encouraging the use of forestry land on 


Forestry 


slopes and upstream areas. By introducing the Social 
Forestry Programme, the government has formally 
acknowledged local communities’ rights to forest 
resources and has begun promoting rural participation in 
managing natural resources. 

Through this scheme, the government has engaged local 
communities in afforestation efforts and the rehabilitation 
of degraded forest and common lands. This approach not 
only encourages sustainable land use and resource 
management but also fosters a sense of ownership and 


responsibility among rural populations. 


Shortcomings of Social forestry Programme 


The Social Forestry Programme in India aimed to be a 
revolutionary concept, but it did not achieve significant 
success due to various shortcomings, predominantly 
related to its implementation. The program offered 
incentives to farmers and villagers to encourage them to 
participate in social forestry initiatives. However, this led 
to many farmers converting their agricultural land to 
forestry, which negatively impacted agricultural prospects 
and food security. 

Additionally, the program recommended the use of 
usufruct species, but due to a lack of ecological 
understanding and specific directives, most of the 
plantations opted to grow eucalyptus. This species is not 
ecologically suitable for the Indian environment, further 
hampering the effectiveness of the Social Forestry 
Programme. Overall, the program's limitations can be 
attributed to inadequate implementation strategies and a 


lack of ecological understanding among its participants. 


Types of Social Forestry 
The various types of social forestry systems are shown in the 


chart below: 
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Farm forestry 


Currently, nearly all countries that have implemented 
social forestry programs are promoting both commercial 
and non-commercial farm forestry in various forms. 
Individual farmers are encouraged to cultivate trees on 
their own land to meet their family's domestic needs. In 
many regions, this practice of growing trees on farmland 
is already a tradition. 

Non-commercial farm forestry is the primary focus of 
most social forestry projects in numerous countries today. 
Farmers may not always be interested in growing trees 
for fuelwood or economic gain. Instead, they may grow 
trees for other purposes, such as providing shade for 


their crops, acting as wind barriers, aiding in soil 


conservation, or utilizing wasteland. 


Urban Forestry 


Urban forestry involves the cultivation and management 
of trees situated on private or public lands in and around 
urban areas, with the aim of enhancing the urban 
environment. 

This practice encompasses the care of individual trees as 
well as groups of trees and is not limited to those that 
have been intentionally planted. 

Many urban trees may have grown naturally, but due to 
the competition for land in urban settings, they are 
unlikely to survive for an extended period without active 
cultivation and management. 

Additionally, urban forestry entails the administration of 


forests located on the outskirts of urban zones. 
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Rural Forestry 


Rural forestry can be divided into: 


e Community forestry 


e = Agroforestry 


1. Community forestry 


° Community forestry involves the cultivation of trees on 
communal land rather than on private property, as seen 
in farm forestry. These programs are designed to benefit 
the entire community rather than individuals. The 
government is responsible for providing essential 
resources like seedlings and fertilizers, while the 
community must ensure the protection of the trees. 

e Some communities manage these plantations in a 
sustainable and sensible manner, ensuring long-term 
benefits for the village. However, others may exploit the 
resources for short-term personal gains, especially since 
communal land is easily accessible to all. 

e Over the past two decades, there has been a significant 
increase in the planting of fast-growing trees like 
eucalyptus in India. This initiative is part of the social 
forestry movement, aimed at reforesting the region and 
providing a sufficient supply of timber for rural 


communities. 
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2. Agro forestry 


e Agroforestry is a sustainable land-use system that 
combines trees and shrubs with agricultural practices to 
enhance productivity, profitability, biodiversity, and 
ecosystem stability. This natural resource management 
approach involves the integration of woody plants on 
farms and rural landscapes, promoting diverse and 
sustainable production while also supporting social 
institutions. 

e The main features of agroforestry include the production 
of multiple outputs while protecting natural resources, a 
focus on using various indigenous trees and shrubs, 


suitability for low-input conditions and fragile 


environments, strong connections with socio-cultural 
values, and a more complex structure and function than 
monoculture farming. 

Agroforestry systems encompass both traditional and 
modern land-use practices where trees are managed 
alongside crops and/or livestock. These systems can be 
implemented in both irrigated and rain-fed conditions and 
contribute to food, fuel, fodder, timber, fertilizer, and fiber 
production. Moreover, agroforestry plays a significant role 
in ensuring food, nutritional, and ecological security, 
supporting livelihoods, reducing poverty, and fostering 
productive and resilient farming environments. 

In addition to these benefits, agroforestry can enhance 
ecosystem services such as carbon sequestration, 
deforestation prevention, biodiversity conservation, and 
soil and water preservation. When implemented 
strategically with the right mix of species and on a large 
scale, agroforestry can also help agricultural lands better 
withstand extreme weather events like floods and 


droughts, as well as adapt to climate change. 


Benefits of Agroforestry System 


1. Environmental benefits: 


Reduced strain on natural forests: Agroforestry helps 
in decreasing the pressure on natural forests by providing 
alternative sources of timber, fuelwood, and other forest 
products. 

Enhanced nutrient recycling: Deep-rooted trees in 
agroforestry systems promote efficient nutrient recycling 
within the soil, contributing to better soil fertility and 
productivity. 

Protection of ecosystems: Agroforestry practices help in 
maintaining and preserving ecological systems by 
integrating trees with agriculture, thereby promoting 
biodiversity. 

Soil conservation: Tree roots and stems in agroforestry 
systems help to reduce surface runoff, nutrient leaching, 
and soil erosion, leading to improved soil quality and 


sustainability. 
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Improved microclimates: Agroforestry systems 
contribute to the creation of better microclimates by 
lowering soil surface temperatures and reducing 
evaporation rates through mulching and shading effects. 
Increased soil nutrients: The addition and 
decomposition of litterfall in agroforestry systems result in 
an increase in soil nutrients, further enhancing the soil 
quality and productivity. 

Enhanced soil structure: The continuous addition of 
organic matter from decomposed litter in agroforestry 
systems improves the overall soil structure. 
Contribution to national forest policy goals: 
Agroforestry is considered a crucial strategy for achieving 
the target of increasing forest or tree cover to 33% from 
the current level of less than 25%, as outlined in the 
National Forest Policy (1988). 

Climate change mitigation: Agroforestry has the 
potential to mitigate climate change effects through 
microclimate moderation and natural resource 
conservation in the short term and carbon sequestration 
in the long term. Agroforestry species are known to 
sequester as much carbon in below-ground biomass as 
primary forests, and significantly more than crop and 


grass systems. 


2. Economic benefits 


Agroforestry leads to increased production of food, 
fuelwood, fodder, fertilizer, and timber, contributing to 
economic growth. By diversifying crops and avoiding 
monoculture systems, agroforestry reduces the likelihood 
of complete crop failure, which can devastate farmers' 
livelihoods. 

Farmers benefit from improved and sustained 
productivity, resulting in higher income levels. 
Agroforestry also presents significant employment 
opportunities for both rural and urban populations 
through production, industrial applications, and 
value-added ventures. It is estimated that around 65% of 
a country's timber needs can be met through trees grown 
on farms using agroforestry practices. 

In summary, agroforestry offers numerous economic 
benefits, including increased output in various sectors, 
improved income for farmers, reduced risk of crop failure, 


and ample employment opportunities for the population. 


Which of the following is NOT a benefit of agroforestry 


systems? 


A. Reduced strain on natural forests 
B. Enhanced nutrient recycling 
C. Increased soil erosion 


D. Improved microclimates 


3. Social benefits 


e Enhancement of living conditions in rural areas due to 
continuous employment opportunities and increased 


income levels. 


AGROFORESTRY 


PURE AIR 
Trees absorb carbon 
dioxide from the air > 
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e Betterment of overall health and nutrition as a result of 
higher quality and diverse food production. 
e Strengthening and advancement of communities by 


removing the necessity to relocate farming operations. 


FIREWOOD AND BUILDING MATERIAL 
Trees provide firewood, timber 
and potential income > 


FERTILE SOIL 
The leaves from trees are 
used as compost, which 
makes the soil moist 
and fertile > 
FOOD AND MEDICINE 
Trees provide food, fruits 
and medicines > 
ANIMAL FEED 
Trees provide fodder SHADE 
tor animals > Trees provide shade for 
other plants, livestock 


PROTECTION AGAINST SOIL 
Trees stabilise the ground and reduce 


and human beings> 


NITROGEN FIXING 
Trees can fix nitrogen in the soil, 


soil erosion> i providing more favourable 
| conditions for crops > 
Conclusion How does social forestry contribute to 


In conclusion, social forestry is a crucial approach towards 
sustainable land use and rural development. By involving local 
communities in afforestation efforts and promoting practices like 
farm forestry, urban forestry, community forestry, and 
agroforestry, the program aims to provide environmental, 
economic, and social benefits. Although the Social Forestry 
Programme in India has faced certain challenges and 
shortcomings, the potential advantages of such initiatives 
cannot be ignored. Agroforestry, in particular, plays an essential 
role in enhancing productivity, preserving ecosystems, and 
promoting socio-economic well-being. Therefore, continued 
efforts to improve the implementation and management of 
social forestry programs are vital for achieving sustainable 
development goals and ensuring the long-term welfare of 
communities and the environment. 


What is the main goal of the Social 


Forestry Programme in India? 


The main goal of the Social Forestry Programme is to alleviate 
pressure on existing forests by utilizing unused and fallow lands for 
afforestation, thereby providing environmental benefits and 


supporting rural development. 


sustainable land use and resource 


management? 


Social forestry encourages the planting of trees on degraded lands, 
promoting better land use and helping to rehabilitate degraded 
forest and common lands. By involving local communities in 
afforestation efforts, social forestry fosters a sense of ownership and 
responsibility among rural populations, leading to more sustainable 


land use and resource management. 


What are some of the shortcomings of the 


Social Forestry Programme in India? 


The Social Forestry Programme has faced challenges due to 
inadequate implementation strategies, lack of ecological 
understanding among participants, and unintended consequences 
such as the conversion of agricultural land to forestry, impacting 
food security. Additionally, the use of unsuitable tree species like 


eucalyptus has hampered the program's effectiveness. 


What are the main types of social 


forestry? 


The main types of social forestry include farm forestry, urban 
forestry, and rural forestry, which can be further divided into 
community forestry and agroforestry. 

How does agroforestry contribute to 
environmental, economic, and social 


benefits? 


1. What is social forestry? 
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Agroforestry contributes to environmental benefits by reducing 
pressure on natural forests, enhancing nutrient recycling, protecting 
ecosystems, conserving soil, improving microclimates, and 
mitigating climate change. Economically, agroforestry leads to 
increased production, higher income levels for farmers, and 
employment opportunities in various sectors. Social benefits include 
improved living conditions, better health and nutrition, and 
strengthened communities due to continuous employment 


opportunities and increased income levels. 


Ans. Social forestry refers to the management and conservation of forests with the active 


participation and involvement of local communities. It aims to meet the needs of the present 


generation while ensuring the sustainability of forest resources for future generations. 


2. What is agroforestry? 


Ans. Agroforestry is a land-use system that involves the simultaneous cultivation of trees and 


agricultural crops or livestock. It combines agricultural practices with the benefits of trees, such as 


soil conservation, biodiversity preservation, and improved water management. 


3. What are the objectives of social forestry? 


Ans. The objectives of social forestry include: - Meeting the fuelwood, timber, and non-timber 


forest product needs of local communities. - Protecting and conserving forest resources. - 


Rehabilitating degraded lands through afforestation and reforestation. - Enhancing the socio- 


economic conditions of rural communities. - Promoting community participation and 


empowerment in forest management. 


4. How does social forestry contribute to sustainable development? 


Ans. Social forestry contributes to sustainable development by: - Reducing pressure on natural 


forests for fuelwood and timber, thus preventing deforestation. - Providing livelihood 


opportunities to rural communities through the sustainable harvesting of non-timber forest 


products. - Increasing carbon sequestration and mitigating climate change. - Improving soil health 


and fertility through agroforestry practices. - Enhancing biodiversity conservation and ecosystem 


services. 


5. What are the challenges faced in implementing social forestry and agroforestry? 


Ans. Some challenges in implementing social forestry and agroforestry include: - Lack of awareness 


and understanding among local communities about the benefits and techniques of these practices. - 


Limited access to financial resources and technical support for implementing and maintaining 


social forestry and agroforestry projects. - Conflicts between traditional forest management 


practices and modern conservation approaches. - Inadequate policy and legal frameworks to 


support community-based forest management. - Climate change impacts and unpredictable 


weather patterns affecting the success of agroforestry systems. 


Wild Life 


Introduction to Wild Life 


e Wildlife typically refers to animal species that are not 
domesticated, but the term has expanded to encompass all 
plants, fungi, and other organisms that thrive in the wild 
without being introduced by humans. Various ecosystems, 
including deserts, forests, rainforests, plains, grasslands, and 
even highly developed urban areas, are home to diverse 
forms of wildlife. Although the popular understanding of the 
term often implies that these animals are unaffected by 
human activities, most scientists acknowledge that human 
actions do impact many wildlife species. 

e It is estimated by biologists that there are between 5 and 15 
million species of plants, animals, and microorganisms 
currently existing on Earth. However, only around 1.5 million 
of these species have been identified and named. The 
estimated total comprises approximately 300,000 plant 
species, 4 to 8 million insect species, and around 50,000 
vertebrate species, which include roughly 10,000 bird species 


and 4,000 mammal species. 


Problems of Wildlife 


The problems facing wildlife today are numerous, with around 23% 
of mammal species and 12% of bird species considered to be under 
threat, according to the International Union for Conservation of 
Nature (IUCN). Since 1970, it is estimated that the world has lost 
over 58% of its wildlife, with the planet currently undergoing the sixth 
mass extinction. The rapid loss of global biodiversity is largely due 
to human activities, such as land use changes, unsustainable 
resource use, invasive alien species, climate change, and pollution. 
Habitat loss is the primary threat to wildlife survival, as natural 


habitats are destroyed, fragmented, and degraded. Climate change 
intensifies this problem, as global warming leads to more extreme 
weather events, changes in landscapes, and increased stress on 
wildlife species and their habitats. This can result in the loss of 
species that have specific habitat requirements. 

In addition to climate change, other factors contributing to the 


decline of wildlife include: 


. Human population growth and unsustainable consumer 
lifestyles. 

. Increased production of waste and pollutants. 

. Urban development. 

. International conflict. 


As the human population continues to grow, natural habitats are 
increasingly being destroyed, leaving fewer areas for wildlife to 
survive. Moreover, remaining habitats are often degraded and no 


longer resemble the wild areas that once existed. 


e Unregulated hunting and poaching also pose significant 
threats to wildlife, with mismanagement by forest 
departments and guards exacerbating the problem. Pollution, 


particularly from pesticides and toxic chemicals, can harm 
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plants, insects, and rodents by making their environment 
toxic. 

e Over-exploitation of wildlife and plant species for food, 
clothing, pets, medicine, and other purposes can lead to their 
decline or even extinction. As more resources are consumed 
than can be naturally replenished, the loss of one species 
can have a knock-on effect on many others within an 
ecosystem. 

e Deforestation is another major issue, as humans continue to 
expand and develop, encroaching on wildlife habitats. As 
forests are cleared to make way for human activities, wildlife 
populations suffer due to the loss of homes and food sources. 

° Finally, the increasing human population poses a significant 
threat to wildlife. More people require more resources, such 
as food, water, and fuel, which in turn generates more waste. 
The major threats to wildlife are therefore directly linked to 
the growing human population, with a lower population 


resulting in less disturbance to wildlife. 


In conclusion, the problems facing wildlife today are extensive and 
multifaceted, with human activities playing a major role in the 
decline of species and habitats. Addressing these issues requires a 
concerted effort to reduce human impact on the environment, 


protect and restore habitats, and promote sustainable resource use. 


What is the primary threat to wildlife survival? A. Climate change 


B. Habitat loss C. Pollution D. Over-exploitation of resources 


The International Union for Conservation of 


Nature (IUCN) 


e The International Union for Conservation of Nature (IUCN) is 
a unique membership organization composed of both 
government and civil society organizations. Established in 
1948, it serves as the global authority on the condition of the 
natural world and the necessary actions to protect it. The 
organization's headquarters is located in Switzerland. 

° One of the IUCN's significant contributions is the IUCN Red 
List of Threatened Species, which is the world's most 
extensive inventory of the conservation status of plant and 
animal species worldwide. To assess the extinction risk of 
different species, the IUCN Red List employs a set of 
quantitative criteria applicable to most species and regions 
globally. These criteria help classify species into nine 
categories, ranging from Not Evaluated (NE) to Extinct (EX). 
Species categorized as Critically Endangered (CR), 
Endangered (EN), and Vulnerable (VU) are considered facing 


the threat of extinction. 


. The IUCN Red List is widely acknowledged as the most reliable source 


for understanding the state of biodiversity. Furthermore, it serves as a 


LEAST 


ee eee < ENDANGERED > 


Wildlife Conservation 

e Wildlife conservation refers to the practice of safeguarding wild 
plant and animal species and their habitats. It plays an essential 
role in maintaining a balanced ecosystem and ensuring stability 
in nature's various processes. The objective of wildlife 
conservation is to preserve nature for future generations’ 
enjoyment and to highlight the significance of wildlife and 
wilderness for both humans and other species. Many countries 
have government agencies and non-governmental 
organizations (NGOs) dedicated to wildlife conservation, which 
help implement policies aimed at protecting wildlife. Several 
independent non-profit organizations also advocate for different 
wildlife conservation causes. 

e The importance of wildlife conservation has grown in recent 
years due to the negative impact of human activities on wildlife. 
An endangered species is defined as a living species 
population at risk of extinction due to its low or declining 
numbers or threats from changing environmental or 
prepositional factors. In 1972, the Government of India 
established the Wild Life (Protection) Act. In the United States, 
the Endangered Species Act of 1973 safeguards some species 
at risk from overexploitation, while the Convention on 
International Trade in Endangered Species of Fauna and Flora 
(CITES) aims to prevent global wildlife trade. However, many 
species remain unprotected from illegal trade or 
over-harvesting. 

e The International Union for Conservation of Nature and Natural 
Resources (IUCN) developed the World Conservation Strategy 
in 1980, with advice, collaboration, and financial support from 
the United Nations Environment Program (UNEP), the World 
Wildlife Fund, the Food and Agriculture Organization of the 
United Nations (FAO), and the United Nations Educational, 
Scientific, and Cultural Organization (UNESCO). The strategy's 
goal is to "provide an intellectual framework and practical 
guidance for conservation actions." This comprehensive 
guidebook covers everything from the target "users" of the 
strategy to its priorities and even includes a map section 
highlighting areas with high seafood consumption, which are 


endangered by overfishing. 


Which organization is responsible for creating and maintaining the IUCN 


Red List of Threatened Species? a. World Wildlife Fund (WWF) B. United 


CRITICALLY 
ENDANGERED IN THE WILD 


EXTINCT 
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crucial indicator for the Sustainable Development Goals (SDGs) and 


Aichi Targets, helping to monitor and guide global conservation efforts. 


exnncr 


Nations Environment Program (UNEP) C. International Union for Conservation 
of Nature (IUCN) D. Convention on International Trade in Endangered Species of 


Fauna and Flora (CITES) 


Conclusion 


In conclusion, wildlife conservation is crucial for maintaining balanced 
ecosystems and ensuring the stability of nature's various processes. 
Human activities have significantly impacted wildlife, leading to habitat 
loss, pollution, and the decline of numerous species. Organizations such 
as the IUCN and various government agencies work to protect and 
preserve wildlife by implementing policies, raising awareness, and 
promoting sustainable resource use. Addressing the challenges faced by 
wildlife requires a collaborative effort from all sectors of society, 
emphasizing the importance of protecting the environment and its 
inhabitants for future generations. 


What is wildlife, and what types of species does it include? 


Wildlife refers to all living organisms that thrive in the wild without being 
introduced by humans, including animals, plants, fungi, and microorganisms. It 
encompasses a wide range of species, from insects and birds to mammals and 


plants. 


What are the main threats to wildlife today? 


The primary threats to wildlife include habitat loss, climate change, human 
population growth, pollution, over-exploitation of resources, deforestation, 
unregulated hunting, and poaching. These issues are primarily driven by human 


activities and population growth. 


What is the IUCN Red List of Threatened Species, and why is it 
important? 

The IUCN Red List of Threatened Species is an extensive inventory of the 
conservation status of plant and animal species worldwide. It is maintained by 
the International Union for Conservation of Nature (IUCN) and serves as a 


crucial indicator for global conservation efforts, the Sustainable Development 
Goals (SDGs), and Aichi Targets. 


What is wildlife conservation, and why is it important? 


Wildlife conservation is the practice of safeguarding wild plant and animal 
species and their habitats. It is crucial for maintaining a balanced ecosystem, 
ensuring stability in nature's processes, and preserving nature for future 
generations to enjoy. Wildlife conservation also highlights the significance of 


wildlife and wilderness for both humans and other species. 


What are some examples of government agencies and international 
agreements aimed at protecting wildlife? 


Examples of government agencies and international agreements focused on 
wildlife conservation include the Wild Life (Protection) Act in India, the 
Endangered Species Act in the United States, and the Convention on 
International Trade in Endangered Species of Fauna and Flora (CITES). These 
policies and organizations aim to protect wildlife from overexploitation, habitat 


destruction, and illegal trade 
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Major Gene Pool Centres 


Gene 


A. To increase market value of crops 
e A gene is the fundamental unit of heredity, responsible for 

B. To maintain genetic diversity and ensure population survival 
passing traits from parents to offspring. Genes contain 

C. To ensure uniformity in crop varieties 
the necessary information to determine specific 

D. To reduce the need for medical advancements 
characteristics and are organized one after another on 


structures known as chromosomes. Each chromosome 


Major Gene Pool Centres 


consists of a single, lengthy DNA molecule, with only a 


portion corresponding to a single gene. Humans possess 
° A gene pool represents the genetic diversity found within 
approximately 20,000 genes organized on their 
a population, with a larger gene pool indicating a higher 
chromosomes. 
level of genetic variation. This greater genetic diversity 


° The gene pool refers to the total genetic diversity within a 
leads to stronger populations that can endure periods of 


specific population or species at a given time. In simpler , ; ' Per : , 
intense selection, while low genetic diversity can result in 


terms, it is the collection of various genes present in an 
reduced biological fitness and a higher risk of extinction. 


interbreeding population. The concept generally applies 
° The term "center of origin" refers to a geographical region 


to populations consisting of individuals from the same 
where a particular group of organisms, whether 


species and encompasses all genes and gene 
domesticated or wild, initially evolved their unique 


combinations (the sum of alleles) found within that 
characteristics. Many experts believe that these centers 


population. 
of origin are also centers of genetic diversity. However, 


e Gene Pool Centers are geographic regions where 
some scientists argue that it is increasingly difficult to 


significant crop plants and domestic animals first 
gather substantial information on the origin and evolution 


originated. These areas are characterized by an , ; , 
of certain crops as evidence continues to be lost over 


exceptional variety of wild relatives of cultivated plant 
time. 


species and useful tropical plants. Additionally, Gene 
e Alphonse de Candolle was the first person to consider 


Pool Centers contain diverse species from subtropical 
the geographic origin of cultivated plants. Building on 


and temperate regions. 
Darwin's evolutionary theories and Candolle's findings, 


Russian scientist Nicolay Ivanovich Vavilov formulated 
Related Terminologies 
his hypotheses on the centers of origin for cultivated 


e Population refers to the total number of individuals plants in the early 1920s. 


belonging to the same species that interbreed and live in 


a specific area at a given time. Vavilov Gene Pool Centres 


e Natural selection is the mechanism through which 


organisms that can adapt to their surroundings have 
higher chances of survival and reproduction, whereas 
those that cannot adapt may not survive or reproduce. 

A genotype is the unique set of genetic information of an 
individual organism. 

A phenotype refers to the visible traits and features of an 
individual, which are a result of their genetic makeup 


(genotype). 


Why is it crucial to preserve the gene pool of a population? 


Vavilov Gene Pool Centers are regions identified by the 
scientist Nikolai Vavilov as the origin of main agricultural 
species. He theorized that these centers not only served 
as the origin of these species, but also as areas of 
genetic diversification for various crops. 

Vavilov categorized cultivated plants into two groups: 
primary and secondary crops. Primary crops are ancient 
plants that have always been cultivated, such as wheat, 
barley, rice, soybeans, flax, and cotton. Secondary crops, 


on the other hand, developed from weeds found among 
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primary crops and later became useful on their own, such In 1926 he published “Studies on the Origin of Cultivated 
as rye, oats, and false flax. Plants” which described his theories on the origins of crops. 
ö To identify the centers of origin, Vavilov looked for areas Vavilov concluded that each crop has a characteristic primary 


' , = n center of diversity which is also its center of origin. Eight areas 
with maximum variation and endemic types of plants. 
were recognized and suggested as centers from which all of our 
These centers would typically have many endemic traits 
major crops were domesticated. Later, he modified his theory to 


and encompass characteristics of entire plant genera. : a A ro 
include “secondary centers of diversity” for some crops. 


Within these centers, Vavilov identified specific foci of 


type formation, which are the core areas responsible for 1. Mexico-Guatemala 
genetic diversification and type formation of major 2. Peru-Ecuador-Bolivia 
cultivated plants. e Southern Chile 


e Throughout his research, Vavilov revised the number and è Paraguay-Southern Brazil 


boundaries of these centers of origin multiple times. He 


3. Mediterranean, 
initially proposed three centers in 1924, which later 4. Middle East, 
increased to eight centers in 1935, and finally reduced to 5. Ethiopia, 
seven centers in 1940. These centers of origin have been 6. Central Asia, 
valuable in understanding the evolution and distribution 7. Indo-Burma, 
of cultivated plants throughout the world. ë Siam-Malaya-Java, 


8. China and Korea 


Vavilov centers of origin 


World centers of origin of cultivated plants 


Plants 
1) South | Includes southern sections of Mexico, Guatemala, Honduras and Costa Rica. 
Mexican Grains and Legumes: maize. common bean, lima bean, tepary bean, jack 
and Central bean, grain amaranth 
American Melon Plants: malabar gourd, winter pumpkin, chayote 
Center Fiber Plants: upland cotton, bourbon cotton, henequen (sisal) 
Miscellaneous: sweetpotato. arrowroot, pepper, papaya, guava, cashew, wild 
black cherry, chochenial. cherry tomato, cacao. 
2) South | 62 plants listed: three subcenters 
American | 2) Peruvian, Ecuadorean, Bolivian Center: 
Center ¢ Root Tubers: Andean potato. other endemic cultivated potato species. 
Fourteen or more species with chromosome numbers varying from 24 to 60, 


Edible nasturtium 


Grains and Legumes: starchy maize, lima bean, common bean 
Root Tubers: edible canna, potato 
Vegetable Crops: pepino. tomato, ground cherry, pumpkin. pepper 
Fiber Plants: Egyptian cotton 
Fruit and Miscellaneous: cocoa, passion flower. guava, heilborn, quinine 
tree, tobacco. cherimoya, coca 
2A) Chiloe Center (Island near the coast of southern Chile) 
e Common potato (48 chromosomes), Chilean strawberry 
2B) Brazilian-Paraguayan Center 
e manioc, peanut, rubber tree, pineapple, Brazil nut, cashew, Ervamate, purple 
granadilla. 
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3) Includes the borders of the Mediterranean Sea. 84 listed plants 
Mediterran Cereals and Legumes: durum wheat, emmer, Polish wheat, spelt, 
ean Center Mediterranean oats, sand oats, canarygrass, grass pea, pea, lupine 
Forage Plants: Egyptian clover, white clover, crimson clover, serradella 
Oil and Fiber Plants: flax, rape, black mustard, olive 
Vegetables: gardenbeet. cabbage, turnip. lettuce, asparagus, celery, chicory, pa 
rsnip, rhubarb, 
EtherealOil and Spice Plants: caraway, anise, th g 
4) Middle Į Includes interior of Asia Minor, all of Transcaucasia, Iran, and the highlands 
East of Turkmenistan. 83 species 
Grains and Legumes: einkorn wheat, durum wheat, poulard wheat, common 
wheat, oriental wheat, Persian wheat, two-row barley, rye, Mediterranean oats, 
common oats, lentil, lupine 
Forage Plants: alfalfa, Persian clover, fenugreek, vetch, hairy vetch 
Fruits: fig, i 7 i r. quince, . hawthorn. 
Includes Abyssinia, Eritrea, and part of Somaliland. 38 species listed; rich in wheat 
and barley. 
e Grains and Legumes: Abyssinian hard wheat, poulard wheat, emmer, Polish 
wheat, barley, grain sorghum, pearl millet, African millet, cowpea, flax, teff 
ə» Miscellaneous: sesame. castor bean, garden cress, coffee, okra, myrrh, indigo. 
6) Central | Includes Northwest India (Punjab, Northwest Frontier Provinces and 
Asiatic Kashmir), Afghanistan, Tajikistan, Uzbekistan, and western Tian-Shan. 43 plants 
Center e Grains and Legumes: common wheat, club wheat, shot 


wheat, peas. lentil, horse bean. chickpea, mung bean. mustard, flax, sesame 


Fiber Plants: hemp, cotton 
Vegetables: onion, garlic, spinach, carrot 
Fruits: pistacio. pear. almond, grape. apple. 
7) Indian Two subcenters 
Center 7) Indo-Burma: Main Center (India): Includes Assam, Bangladesh and Burma, but not 
Northwest India, Punjab, nor Northwest Frontier Provinces, 117 plants 
Cereals and Legumes: chickpea, pigeon pea, urd bean, mung bean, rice 
bean, cowpea, 
Vegetables and Tubers: eggplant, cucumber, radish, taro, yam 
Fruits: mango, orange, tangerine, citron, tamarind 
Sugar, Oil, and Fiber Plants: sugar cane, coconut palm, sesame, safflower, tree 
cotton, oriental cotton, jute, crotalaria. kenaf 
Spices, Stimulants, Dyes, and Miscellaneous: hemp, black pepper, gum 
arabic, sandalwood, indigo, cinnamon tree, croton, bamboo. 
7A) Siam-Malaya-Java: Tndo-Malayan Center: Includes Indo-China and the Malay 
Archipelago, 55 plants 
e Cereals and Legumes: Job's tears, velvet bean 
e Fruits: pummelo, banana, breadfruit, mangosteen 
* Oil. Sugar, Spice, and Fiber Plants: candlenut, coconut 
palm, sugarcane, clove. nutmeg. black pepper. manila hemp. 
8) Chinese | A total of 136 endemic plants are listed in the largest independent center 
Center + Cereals and Legumes: e.g. rice"! broomcorn millet, Italian millet, Japanese 
barnyard millet. sorghum, buckwheat. hull-less barley, soybean, Adzuki 
bean, velvet bean 
Roots, Tubers, and Vegetables: e.g. Chinese yam, radish, Chinese 
cabbage, onion, cucumber 
Fruits and Nuts: e.g. pear. Chinese apple, peach, apricot, cherry, walnut. litchi 
Sugar, Drug, and Fiber Plants: e.g. Sugar. opium poppy, ginseng 
camphor, hemp. 


Barley, Cats 
Grapes, Olives 
Dates, Carobs 


Citrus fruits, 


Maize Sugar beet Bananas, Yams 
Sweet potato Leeks,Parsnips, 

Squashes Asparagus 

Chili Peppers Lettuce, Celery 

Avocados 

Custard apples 


/ % 
Rice, Millets 
Sorghums 

Peas. Mangos 
Kapok, Jute 


White potato 
Tomato, Pumpkin 
Quinoa, Papayas 


Strawberries. Passion fruit 2 
zaren Goo Castor beans 
Tobacco Bananas 


Importance of preserving Gene Pool 


e The gene pool is a crucial aspect of biodiversity, as it 
represents the total number of genes present within a 
population. Populations with larger gene pools typically 
have more genetic diversity, which in turn provides them 
with a greater range of characteristics, resistance to 
diseases, and adaptability to harsh environments. 

e A diverse gene pool is essential for the survival and 
health of a population. When there is a high level of 
genetic diversity, a population is better equipped to 
handle disease outbreaks or severe environmental 
changes, as the necessary protective genes are more 
likely to be present. Conversely, populations with smaller 
gene pools are more vulnerable to genetic diseases, 
deformities, and infertility, which can ultimately lead to 
their endangerment or extinction. 

e Over the past century, there has been a significant loss of 
crop genetic diversity, with approximately 75% of it 
disappearing as farmers worldwide adopted genetically 
uniform, high-yielding varieties and abandoned local 
ones. This loss of diversity can have serious 
consequences, as it diminishes our ability to adapt and 
improve agriculture in the face of threats such as 
diseases or climate change, which can drastically alter 
growing conditions. 

° There have been instances where the conservation of 
genetic material has proven to be vital for the 
development of more resilient crops. For example, a 
Turkish wheat variety that was collected and stored in a 
seed gene bank in 1948 was rediscovered in the 1980s, 
and was found to carry genes resistant to various types 
of disease-causing fungi. Plant breeders have since used 
these genes to develop wheat varieties with improved 
resistance to multiple diseases. 

e In addition to its importance in agriculture, gene pool 
conservation is also essential for medical advancements. 
Many medicines are derived from plant and animal 
sources, such as neem oil and quinine from cinchona 


trees, which is used to prevent malaria. 


In summary, preserving the gene pool is critical for maintaining the 
health and resilience of populations, as well as for promoting 
sustainable development in agriculture and medicine. By conserving 
genetic diversity, we can better equip ourselves to face the 
challenges posed by diseases, environmental changes, and other 


threats to the well-being of our planet and its inhabitants. 


41 


What was the primary goal of Nikolai Vavilov's research 
on the centers of origin for cultivated plants? A. To 
identify areas with the highest market value for crops B. To identify 
regions responsible for genetic diversification and type formation of 
major cultivated plants C. To promote uniformity in crop varieties 
worldwide D. To eliminate the need for secondary centers of 


diversity 


Conclusion 


In conclusion, the gene pool is a vital aspect of biodiversity, 
representing the total genetic diversity within a population or 
species. Preserving gene pools is essential for maintaining the 
health and resilience of populations, sustainable agriculture, 
and medical advancements. By conserving genetic diversity, we 
can better adapt to challenges such as diseases, environmental 
changes, and other threats to our planet and its inhabitants. 
Vavilov Gene Pool Centers play a crucial role in understanding 
the evolution and distribution of cultivated plants worldwide, 
further emphasizing the importance of preserving these 


valuable genetic resources. 


What is a gene, and how does it relate to the gene pool? 


A gene is the fundamental unit of heredity, responsible for passing 
traits from parents to offspring. The gene pool refers to the total 
genetic diversity within a specific population or species at a given 
time. It is the collection of various genes present in an interbreeding 


population. 


What are Gene Pool Centers, and why are they important? 


Gene Pool Centers are geographic regions where significant crop 
plants and domestic animals first originated. These areas are 
characterized by an exceptional variety of wild relatives of cultivated 
plant species and useful tropical plants. Gene Pool Centers are 
important because they represent areas of high genetic diversity, 
which is crucial for the development of more resilient crops and the 


overall health of a population. 


Who was Nikolai Vavilov, and what did he contribute to the 
understanding of gene pool centers? 


Nikolai Vavilov was a Russian scientist who formulated hypotheses 
on the centers of origin for cultivated plants in the early 1920s. He 
identified regions known as Vavilov Gene Pool Centers, which he 
believed were the origin of main agricultural species and also areas 


of genetic diversification for various crops. 


What are some examples of Vavilov centers of origin? 


Some examples of Vavilov centers of origin include 
Mexico-Guatemala, Peru-Ecuador-Bolivia, Southern Chile, 
Paraguay-Southern Brazil, the Mediterranean region, the Middle 
East, Ethiopia, Central Asia, Indo-Burma, Siam-Malaya-Java, and 


China and Korea. 
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Why is preserving the gene pool important for the future of essential because many medicines are derived from plant and 


agriculture and medicine? animal sources, and preserving genetic diversity can help discover 


i oe new treatments and cures for various ailments. 
Preserving the gene pool is important for the future of agriculture 
because it allows for the development of more resilient crops that 
are better equipped to handle disease outbreaks or severe 


environmental changes. In medicine, gene pool conservation is 


1. What are major gene pool centres? 


Major gene pool centres are geographical regions that contain a high diversity of plant species and 
genetic resources. These centres are characterized by a wide range of ecological conditions and are 


considered important for the preservation of plant genetic diversity. 


2. What are Vavilov gene pool centres? 


Vavilov gene pool centres are specific regions identified by the Russian scientist Nikolai Vavilov as 
the primary centers of origin and diversity for cultivated plants. Vavilov identified several gene 


pool centres worldwide, including regions in Asia, Europe, Africa, and the Americas. 


3. Why are Vavilov centers of origin important? 


Vavilov centers of origin are important because they represent the birthplaces of numerous crop 
species and have a high concentration of genetic diversity. These regions serve as valuable 
resources for plant breeders and researchers in developing new crop varieties with improved traits 


such as disease resistance, yield potential, and nutritional quality. 


4. What is the importance of preserving gene pool? 


Preserving gene pool is crucial for maintaining biodiversity and ensuring food security. Genetic 
diversity within plant species allows for adaptation to changing environmental conditions, 
resistance to pests and diseases, and the development of new crop varieties. By preserving gene 
pool, we can safeguard valuable genetic resources for future generations and enhance our ability 


to address global challenges related to climate change, population growth, and food production. 


5. What are some frequently asked questions about major gene pool centres? 


- What is the role of major gene pool centres in conservation efforts? - How are major gene pool 
centres identified and classified? - Are major gene pool centres limited to specific regions or found 
worldwide? - What are the threats to major gene pool centres and their genetic resources? - How 


can individuals contribute to the preservation of gene pool and biodiversity? 


